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1 STUDY TITLE 

Evaluation of the ability of different concentrations of SalmoFresh™ to reduce Salmonella 
contamination in experimentally contaminated oven-roasted turkey when applied at the rate of 
2.0 mL per lb of poultry. 

2 STUDY DIRECTOR 

Alexander Sulakvelidze, Ph.D. 

3 STUDY PERSONNEL 

Name: Title: Role: 

Alexander Sulakvelidze, Ph.D. Chief Scientist Study Director 

Joelle Woolston, M.S. Research Scientist Hands-on-research 

 

4 PERFORMING LABORATORY 

Intralytix, Inc. 
Research and Development 
The Columbus Center 
701 E. Pratt St. 
Baltimore, MD 21202 

 

5  STUDY OBJECTIVE 

To determine whether application of different concentrations of SalmoFresh™ reduces the 
number of viable Salmonella in oven roasted turkey deli meat when applied at the rate of 2mL 
per lb of poultry. 

6 TEST MATRIX 

A sample of oven-roasted turkey was purchased from a local grocery store deli meat counter in 
Baltimore, MD.  It was not washed or pre-treated prior to our studies. 

7 SALMOFRESH  LOT AND APPLICATION RATE 

SalmoFresh™ Lot #02TestSample 

Titer: approx. 1x107 PFU/mL, 1x108 PFU/mL, and 1x109 PFU/mL 

SalmoFresh™ was applied using Basic Spray Gun Model #200 (Badger Air-Brush Co., 
Franklin Park, IL). 

The application rate was ca. 2mL SalmoFresh™ per 1 pound of poultry. 
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8 BACTERIAL STRAINS USED TO EXPERIMENTALLY CONTAMINATE POULTRY 

The poultry test matrix was experimentally contaminated with a 1:1:1 mixture of three 
Salmonella strains: 

S.E900: A nalidixic acid resistant mutant developed from S.E660 (also known as 
ATCC13076, Salmonella enterica serotype Enteritidis.)  

S.Ty901: A nalidixic acid resistant mutant developed from S.Ty653 (also known as 
ATCC6539, Salmonella enterica serotype Typhi.) 

S.He902: A nalidixic acid resistant mutant developed from S.He899 (also known as 
ATCC8326, Salmonella enterica serotype Heidelberg.) 

The strains were selected for nalidixic acid resistance by serially passaging the original isolates 
on LB agar plates supplemented with increasing concentrations of nalidixic acid.  Each strain 
underwent 8 serial passages before it was determined to be nalidixic acid-resistant at a 
concentration of 25 μg/ml.  After the passaging, the above-noted Intralytix strain designations 
were assigned (i.e., S.E900, S.Ty901, and S.He902).  The strains were stored at –80°C, at 
Intralytix, in 70% LB broth/30% glycerol supplemented with 25 μg of nalidixic acid/ml. 
 
Shortly before performing the study, the three strains were thawed and grown (37 ± 2°C, 24-48 
h) in NZCYM broth supplemented with nalidixic acid (25 μg/ml) until the cultures reached an 
OD600 of ca. 1.5, which corresponds to ca. 1 x 109 CFU/mL.  Equal volumes of three bacterial 
cultures were mixed and the mixture diluted 100-fold just prior to performing the study. 
 
The turkey was experimentally contaminated by ca. 25,000 CFU of the above-defined 1:1:1 
mixture of three Salmonella strains / g of turkey. 

9 MEDIA AND REAGENTS 

NZCYM (Becton, Dickinson and Co., Sparks, MD; cat #215251) 

Nalidixic acid (Acros Organics, Fair Lawn, NJ; catalog # AC16990-1000) 

Peptone water (Becton, Dickinson and Co., Sparks, MD; cat #218105) 

Salmonella/Shigella Agar (SSA) (Becton, Dickinson and Co., Sparks, MD; cat #274500) 

10 GENERAL OUTLINE OF STUDY 

1) The challenge dose of bacteria was applied onto the matrix samples’ surfaces.  Bacterial 
cultures were evenly spread onto all sides of the poultry sample surfaces using hockey 
sticks. 

2) The bacteria were allowed to colonize the matrix samples’ surfaces at room temperature 
(RT) for 60 min. 

3) PBS (control) or SalmoFresh™ was applied as described in section 7.  Poultry samples 
were rotated and all sides of the samples were sprayed, to ensure reasonably even 
coverage of the entire surface. 

4) The samples were covered and incubated at room temperature for ca. 60 minutes. 
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5) At 60 minutes post-treatment with PBS or SalmoFresh™, two slices were cut off the end 
using a food slicer (Nesco catalog #FS-150PR) and discarded.  The remaining sample 
was sliced until approximately 0.3 inches remained. 

6) For each treatment group, ~25g replicates of slices were placed into sterile bags and 
~225 mL of sterile peptone water was added.  The bags were shaken by hand for 30 
seconds. 

The actual sample weight and peptone water volume were noted for each 
replicate. 

7) The number of viable Salmonella in the samples was determined by plating aliquots (0.1 
mL and 0.3 mL) of the hand-mixed meat/peptone water mixture onto separate SSA 
plates supplemented with nalidixic acid (25 mg/mL).  The plates were incubated (35 ± 
2°C, 24±2 hr), and the CFU/g of sample were calculated after counting the colonies, as 
follows:   

Total CFU  = actual CFU  x actual mL peptone
g of poultry  0.1mL plating  actual g sample

Counts from 0.1 mL plating were used during the analysis, because they provided most 
robust, countable numbers (i.e., more than 10 whenever possible but less than 100 
colonies per plate) 

11 RESULTS 

11.1 Raw Data 

Table 1 Raw Data for Study # SS11K08JW 

Sample Weight 
(g) Bacteria Treatment 

25g 
replicate 
samples 

CFU in 0.1 ml CFU/g 

1 173 Yes PBS 4 75; 62; 50; 101 5784; 5382; 4421; 9047 

2 197 Yes 1x107 PFU/mL 
SalmoFresh™ 4 78; 99; 94; 86 6299; 7747; 7724; 6253 

3 220 Yes 1x108 PFU/mL 
SalmoFresh™ 4 23; 33; 34; 46 1763; 2881; 2944; 4184 

4 239 Yes 1x109 PFU/mL 
SalmoFresh™ 4 4; 11; 10; 3 357; 994; 892; 258 
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11.2 Tabular presentation of results 

Table 2 Reduction of Salmonella counts in oven roasted turkey treated with ca. 1x107, 
1x108, and 1x109 PFU/mL SalmoFresh  when applied at the rate of 2mL per lb of poultry. 

Challenged 
with 

Salmonella 
Treatment Replicates Mean CFU/g 

Percent 
reduction vs. 

PBS 
Significant? 

Yes PBS Control n =4 6158   

Yes 1x107 PFU/mL 
SalmoFresh™ n =4 7006 -14% No 

Yes 1x108 PFU/mL 
SalmoFresh™ n =4 2943 52% Yes 

Yes 1x109 PFU/mL 
SalmoFresh™ n =4 625 90% Yes 

 

11.3 Graphical presentation of efficacy of results 

 
Chart constructed using raw data (mean with SEM) 

 
 

11.4 Statistical analysis 

The efficacy of the SalmoFresh treatment in reducing the number of viable Salmonella in the 
experimentally contaminated turkey was evaluated by comparing the data obtained with the 
PBS-treated control samples and the SalmoFresh-treated samples.   
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Statistical analysis was performed using version 3.1a of GraphPad InStat for Macintosh and 
version 5.0d GraphPad Prism for Macintosh (GraphPad Software; San Diego, CA; 
www.graphpad.com) 
 
 
One-way Analysis of Variance (ANOVA)                
 
The P value is < 0.0001, considered extremely significant.  Variation among column means is 
significantly greater than expected by chance. 
 

Comparison Mean 
Difference 

q P value 

PBS (Control) vs SalmoFresh (1E+07 PFU/mL) -847.25 1.400 ns  P>0.05 

PBS (Control) vs SalmoFresh (1E+08 PFU/mL) 3215.5 5.312 *   P<0.05 

PBS (Control) vs SalmoFresh (1E+09 PFU/mL) 5533.3 9.141 *** P<0.001

SalmoFresh (1E+07 PFU/mL) vs SalmoFresh (1E+08 PFU/mL) 4062.8 6.712 **  P<0.01 

SalmoFresh (1E+07 PFU/mL) vs SalmoFresh (1E+09 PFU/mL) 6380.5 10.541 *** P<0.001

SalmoFresh (1E+08 PFU/mL) vs SalmoFresh (1E+09 PFU/mL) 2317.8 3.829 ns  P>0.05 

 
 

11.5 Brief discussion of results and study�s conclusions 

- Applying ca. 1x109 PFU/mL SalmoFresh™ to oven roasted turkey meat – at the rate of 
2.0 mL per lb of poultry - reduced the number of viable Salmonella by ca. 90% after ca. 
60 minutes of incubation at room temperature.  The observed reduction was statistically 
significant (P<0.001). 

- Applying ca.1x108 PFU/mL SalmoFresh™ to oven roasted turkey meat – at the rate of 
2.0 mL per lb of poultry - reduced the number of viable Salmonella by ca. 52% after ca. 
60 minutes of incubation at room temperature.  The observed reduction was statistically 
significant (P<0.05). 

- Applying 1x107 PFU/mL SalmoFresh™ to oven roasted turkey meat – at the rate of 2.0 
mL per lb of poultry – did not reduce the number of viable Salmonella after ca. 60 
minutes of incubation at room temperature (difference statistically not significant, 
P>0.05). 

- Reduction in Salmonella levels achieved by using more concentrated SalmoFresh™ was 
higher compared to those obtained with more dilute SalmoFresh™ (90% vs. 52% vs. 
0% reduction when using ca. 1x109 PFU/mL, 1x108 PFU/mL and ca. 1x107 PFU/mL of 
SalmoFresh™, respectively).   

- The difference in Salmonella recovery between SalmoFresh™ 109 PFU/mL treated 
samples vs. SalmoFresh™ 107 PFU/mL treated samples, and SalmoFresh™ 108 
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PFU/mL treated samples vs. SalmoFresh™ 107 PFU/mL treated samples were 
statistically significant.   

- The difference in Salmonella recovery between SalmoFresh™ 109 PFU/mL treated 
samples vs. SalmoFresh™ 108 PFU/mL treated samples were statistically not 
significant. 

 

12 SUMMARY CONCLUSION OF THE STUDY 

 
SalmoFresh™ significantly (by 90%) reduced Salmonella contamination in turkey meat samples 
when applied at the rate of 2.0 mL SalmoFresh (ca. 1x109 PFU/mL) per lb of turkey meat.   
Using higher (ca. 1x109 PFU/mL and 1x108 PFU/mL) concentrations of SalmoFresh™ resulted 
in statistically significantly better reduction in Salmonella levels compared to more dilute 
SalmoFresh™ (ca. 1x107 PFU/mL).  
 

13 SIGNATURES 

 
 
 

 
___________________________________  
Joelle Woolston, M.S.       December 15, 2011 
Research Scientist 
 
 
 

___________________________________ 
Alexander Sulakvelidze, Ph.D.     December 15, 2011 
Study Director 
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1 STUDY TITLE 

Evaluation of the ability of different concentrations of SalmoFresh™ to reduce Salmonella 
contamination in experimentally contaminated oven-roasted chicken when applied at the rate of 
2.0 mL per lb of poultry. 

2 STUDY DIRECTOR 

Alexander Sulakvelidze, Ph.D. 

3 STUDY PERSONNEL 

Name: Title: Role: 

Alexander Sulakvelidze, Ph.D. Chief Scientist Study Director 

Joelle Woolston, M.S. Research Scientist Hands-on-research 

 

4 PERFORMING LABORATORY 

Intralytix, Inc. 
Research and Development 
The Columbus Center 
701 E. Pratt St. 
Baltimore, MD 21202 
 

5 STUDY OBJECTIVE 

To determine the efficacy of different concentrations of SalmoFresh™ on reducing the number 
of viable Salmonella in oven-roasted chicken deli meat, when applied at the rate of 2mL per lb 
of poultry. 

6 TEST MATRIX 

A sample of oven-roasted chicken was purchased from a local grocery store deli meat counter 
in Baltimore, MD.  It was not washed or pre-treated prior to our studies. 

7 SALMOFRESH  LOT AND APPLICATION RATE 

SalmoFresh™ Lot #02TestSample 

Titer: approx. 1x107 PFU/mL, 1x108 PFU/mL, and 1x109 PFU/mL 

SalmoFresh™ was applied using Basic Spray Gun Model #200 (Badger Air-Brush Co., 
Franklin Park, IL). 

The application rate was ca. 2mL SalmoFresh™ per 1 pound of poultry. 
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8 BACTERIAL STRAINS USED TO EXPERIMENTALLY CONTAMINATE POULTRY 

The poultry test matrix was experimentally contaminated with a 1:1:1 mixture of three 
Salmonella strains: 

S.E900: A nalidixic acid resistant mutant developed from S.E660 (also known as 
ATCC13076, Salmonella enterica serotype Enteritidis.)  

S.Ty901: A nalidixic acid resistant mutant developed from S.Ty653 (also known as 
ATCC6539, Salmonella enterica serotype Typhi.) 

S.He902: A nalidixic acid resistant mutant developed from S.He899 (also known as 
ATCC8326, Salmonella enterica serotype Heidelberg.) 

The strains were selected for nalidixic acid resistance by serially passaging the original isolates 
on LB agar plates supplemented with increasing concentrations of nalidixic acid.  Each strain 
underwent 8 serial passages before it was determined to be nalidixic acid-resistant at a 
concentration of 25 μg/ml.  After the passaging, the above-noted Intralytix strain designations 
were assigned (i.e., S.E900, S.Ty901, and S.He902).  The strains were stored at –80°C, at 
Intralytix, in 70% LB broth/30% glycerol supplemented with 25 μg of nalidixic acid/ml. 
 
Shortly before performing the study, the three strains were thawed and grown (37 ± 2°C, 24-48 
h) in NZCYM broth supplemented with nalidixic acid (25 μg/ml) until the cultures reached an 
OD600 of ca. 1.5, which corresponds to ca. 1 x 109 CFU/mL.  Equal volumes of three bacterial 
cultures were mixed and the mixture diluted 100-fold just prior to performing the study. 
 
The chicken was experimentally contaminated by ca. 25,000 CFU of the above-defined 1:1:1 
mixture of three Salmonella strains / g of chicken. 

9 MEDIA AND REAGENTS 

NZCYM (Becton, Dickinson and Co., Sparks, MD; cat #215251) 

Nalidixic acid (Acros Organics, Fair Lawn, NJ; catalog # AC16990-1000) 

Peptone water (Becton, Dickinson and Co., Sparks, MD; cat #218105) 

Salmonella/Shigella Agar (SSA) (Becton, Dickinson and Co., Sparks, MD; cat #274500) 

10 GENERAL OUTLINE OF STUDY 

1) The challenge dose of bacteria was applied onto the matrix samples’ surfaces.  Bacterial 
cultures were evenly spread onto all sides of the poultry sample surfaces using hockey 
sticks. 

2) The bacteria were allowed to colonize the matrix samples’ surfaces at room temperature 
(RT) for 60 min. 

3) PBS (control) or SalmoFresh™ was applied as described in section 7.  Poultry samples 
were rotated and all sides of the samples were sprayed, to ensure reasonably even 
coverage of the entire surface. 

4) The samples were covered and incubated at room temperature for ca. 60 minutes. 
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5) At 60 minutes post-treatment with PBS or SalmoFresh™, two slices were cut off the end 
using a food slicer (Nesco catalog #FS-150PR) and discarded.  The remaining sample 
was sliced until approximately 0.3 inches remained. 

6) For each treatment group, ~25g replicates of slices were placed into sterile bags and 
~225 mL of sterile peptone water was added.  The bags were shaken by hand for 30 
seconds. 

The actual sample weight and peptone water volume were noted for each 
replicate. 

7) The number of viable Salmonella in the samples was determined by plating aliquots (0.1 
mL and 0.3 mL) of the hand-mixed meat/peptone water mixture onto separate SSA 
plates supplemented with nalidixic acid (25 mg/mL).  The plates were incubated (35 ± 
2°C, 24±2 hr), and the CFU/g of sample were calculated after counting the colonies, as 
follows:   

Total CFU  = actual CFU  x actual mL peptone
g of poultry  0.1mL plating  actual g sample 

Note: Counts from 0.1 mL plating were used during the analysis, because they 
provided most robust, countable numbers (i.e., more than 10 whenever possible but 
less than 100 colonies per plate) 

11 RESULTS 

11.1 Raw Data 

Table 1 Raw Data for Study #SS11K15JW 

Sample Weight 
(g) Bacteria Treatment 

25g 
replicate 
samples 

CFU in 0.1 ml CFU/g 

1 173 Yes PBS 4 67; 59; 55; 50 5739; 4810; 5152; 6151 

2 197 Yes 1x107 PFU/mL 
SalmoFresh™ 4 48; 42; 26; 32 3980; 3342; 2151; 2482 

3 220 Yes 1x108 PFU/mL 
SalmoFresh™ 5 18; 8; 15; 8; 17 1432; 723; 1305; 708; 

1733 

4 239 Yes 1x109 PFU/mL 
SalmoFresh™ 5 1; 0; 3; 0; 2 77; 0; 266; 0; 146 
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11.2 Tabular presentation of results 

Table 2 Reduction of Salmonella counts in oven-roasted chicken treated with ca. 1x107, 
1x108, and 1x109 PFU/mL SalmoFresh  when applied at the rate of 2mL per lb of poultry. 

Challenged 
with 

Salmonella 
Treatment Replicates Mean CFU/g 

Percent 
reduction vs. 

PBS 
Significant? 

Yes PBS Control n =4 5463   

Yes 1x107 PFU/mL 
SalmoFresh™ n =4 2989 45% No 

Yes 1x108 PFU/mL 
SalmoFresh™ n =5 1180 78% Yes 

Yes 1x109 PFU/mL 
SalmoFresh™ n =5 98 98% Yes 

 

11.3 Graphical presentation of results 

 
Chart constructed using raw data (mean with SEM) 

 
 
 

11.4 Statistical analysis 

The efficacy of the SalmoFresh treatment in reducing the number of viable Salmonella in the 
experimentally contaminated chicken was evaluated by comparing the data obtained with the 
PBS-treated control samples and the SalmoFresh-treated samples.   
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Statistical analysis was performed using version 3.1a of GraphPad InStat for Macintosh and 
version 5.0d GraphPad Prism for Macintosh (GraphPad Software; San Diego, CA; 
www.graphpad.com) 
 
 
One-way Analysis of Variance (ANOVA)                
 
The P value is < 0.0001, considered extremely significant.  Variation among column means is 
significantly greater than expected by chance. 
 

Comparison Mean 
Difference 

q P value 

PBS (Control) vs SalmoFresh (1E+07 PFU/mL) 2474.3 9.252 *** P<0.001

PBS (Control) vs SalmoFresh (1E+08 PFU/mL) 4282.8 16.880 *** P<0.001

PBS (Control) vs SalmoFresh (1E+09 PFU/mL) 5365.2 21.146 *** P<0.001

SalmoFresh (1E+07 PFU/mL) vs SalmoFresh (1E+08 PFU/mL) 1808.6 7.128 *** P<0.001

SalmoFresh (1E+07 PFU/mL) vs SalmoFresh (1E+09 PFU/mL) 2891.0 11.394 *** P<0.001

SalmoFresh (1E+08 PFU/mL) vs SalmoFresh (1E+09 PFU/mL) 1082.4 4.525 *   P<0.05 

 

11.5 Brief discussion of results and study�s conclusions 

- Applying ca. 1x109 PFU/mL SalmoFresh™ to oven-roasted chicken meat – at the rate of 
2.0 mL per lb of poultry - reduced the number of viable Salmonella by ca. 98% after ca. 
60 minutes of incubation at room temperature.  The observed reduction was statistically 
significant (P<0.001). 

- Applying ca.1x108 PFU/mL SalmoFresh™ to oven-roasted chicken meat – at the rate of 
2.0 mL per lb of poultry - reduced the number of viable Salmonella by ca. 78% after ca. 
60 minutes of incubation at room temperature.  The observed reduction was statistically 
significant (P<0.001). 

- Applying 1x107 PFU/mL SalmoFresh™ to oven-roasted chicken meat – at the rate of 2.0 
mL per lb of poultry – reduced the number of viable Salmonella by ca. 45% after ca. 60 
minutes of incubation at room temperature.  The observed reduction was statistically 
significant (P<0.001). 

- Reduction in Salmonella levels achieved by using more concentrated SalmoFresh™ was 
higher compared to those obtained with more dilute SalmoFresh™ (98% vs. 78% vs. 
45% reduction when using ca. 1x109 PFU/mL, 1x108 PFU/mL and ca. 1x107 PFU/mL of 
SalmoFresh™, respectively).   

- The differences in Salmonella recovery between various concentrations of 
SalmoFresh™ (109 PFU/mL vs. 108 PFU/mL vs. 107 PFU/mL) were statistically 
significant (P<0.001) 

7 
 



SalmoFresh™ Study Report # SS11K15JW 

 

12 SUMMARY CONCLUSION OF THE STUDY 

 
SalmoFresh™ (ca. 1x109 PFU/mL) significantly (by 98%) reduced Salmonella contamination in 
chicken meat samples when applied at the rate of 2.0 mL SalmoFresh per lb of chicken meat.   
Using higher (ca. 1x109 PFU/mL) concentration SalmoFresh™ resulted in statistically 
significantly better reduction in Salmonella levels compared to more dilute SalmoFresh™ (ca. 
1x108 PFU/mL and 1x107 PFU/mL).  
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13 SIGNATURES 

 
 
 

 
___________________________________  
Joelle Woolston, M.S.       December 15, 2011 
Research Scientist 
 
 
 

___________________________________ 
Alexander Sulakvelidze, Ph.D.     December 15, 2011 
Study Director 
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 Study # SS11K09ML 
 

1 STUDY TITLE 

Evaluation of the ability of SalmoFresh™ to reduce Salmonella contamination in experimentally 
contaminated turkey trim when applied at the rate of 4.0 mL per lb of poultry prior to grinding. 

2 STUDY DIRECTOR 

Alexander Sulakvelidze, Ph.D. 

3 STUDY PERSONNEL 

Name: Title: Role: 

Alexander Sulakvelidze, Ph.D. Chief Scientist Study Director 

Manrong Li, MD, MS. Research Scientist Hands-on-research 

 

4 PERFORMING LABORATORY 

Intralytix, Inc. 
Research and Development 
The Columbus Center 
701 E. Pratt St. 
Baltimore, MD 21202 

 

5 STUDY OBJECTIVE 

To determine whether application of SalmoFresh™ reduces the number of viable Salmonella in 
ground turkey when applied at the rate of 4mL per lb of poultry prior to grinding. 

6 TEST MATRIX 

A sample of turkey trim was obtained from   It was not washed or 
pre-treated prior to our studies. 

7 SALMOFRESH  LOT AND APPLICATION RATE 

SalmoFresh™ Lot #02TestSample 

Titer: approx. 2x109 PFU/mL and 1x109 PFU/mL 

SalmoFresh™ was applied using Basic Spray Gun Model #250 (Badger Air-Brush Co., 
Franklin Park, IL). 

The application rate was ca. 4mL SalmoFresh™ per 1 pound of poultry. 
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 Study # SS11K09ML 
 

8 BACTERIAL STRAINS USED TO EXPERIMENTALLY CONTAMINATE POULTRY 

The poultry test matrix was experimentally contaminated with a single Salmonella strain: 
S.He902: A nalidixic acid resistant mutant developed from S.He899 (also known as 
ATCC8326, Salmonella enterica serotype Heidelberg). 

The strain was selected for nalidixic acid resistance by serially passaging the original isolate on 
LB agar plates supplemented with increasing concentrations of nalidixic acid.  The strain 
underwent 8 serial passages before it was determined to be nalidixic acid-resistant at a 
concentration of 25 μg/ml.  After the passaging, the above-noted Intralytix strain designation 
was assigned (i.e., S.He902).  The strain was stored at –80°C, at Intralytix, in 70% LB 
broth/30% glycerol supplemented with 25 μg of nalidixic acid/ml. 
 
Shortly before performing the study, the strain was thawed and grown (37 ± 2°C, 24-48 h) in 
NZCYM broth supplemented with nalidixic acid (25 μg/ml) until the culture reached an OD600 of 
ca. 1.5, which corresponds to ca. 1 x 109 CFU/mL.  The bacterial culture was diluted 1000-fold 
just prior to performing the study. 
 
The turkey was experimentally contaminated by ca. 1,250 CFU of the above-defined Salmonella 
culture / g of turkey trim. 

9 MEDIA AND REAGENTS 

LB (Neogen, Lansing, MI; catalog # 7279) 

Nalidixic acid (Acros Organics, Fair Lawn, NJ; catalog # AC16990-1000) 

Peptone water (Becton, Dickinson and Co., Sparks, MD; cat #218105) 

Salmonella/Shigella Agar (SSA) (Becton, Dickinson and Co., Sparks, MD; cat #274500) 

10 GENERAL OUTLINE OF STUDY 

1) The challenge dose of bacteria was applied onto the matrix samples’ surfaces.  Bacterial 
cultures were evenly spread onto all sides of the poultry sample surfaces using hockey 
sticks.  One sample was not treated with bacterial cultures as the uncontaminated, 
untreated control. 

2) The bacteria were allowed to colonize the matrix samples’ surfaces at room temperature 
(RT) for 60 min. 

3) PBS (control) or SalmoFresh™ was applied as described in section 7.  Samples in 
Group A were treated with 2x109 PFU/mL, and samples in Group B were treated with 
1x109 PFU/mL of SalmoFresh™.  Poultry samples were rotated and all sides of the 
samples were sprayed, to ensure reasonably even coverage of the entire surface. 

4) The samples were covered and incubated at room temperature for ca. 5 minutes. 

5) At 5 minutes post-treatment with water or SalmoFresh™, all samples were ground using 
a #10 meat grinder (Kitchener #508313).   

6) Directly after grinding, from each sample group, triplicate ~25g samples of ground meat 
were removed, placed into sterile bags, and 225 mL of sterile peptone water was 
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added.  The bags were hand mushed briefly and stomached for a minimum of 30 
seconds. 

he number of viable Salmonella in the samples was determined by plating aliquots (0.1 
mL and 0.3 mL) of the stomached meat/peptone water mixture onto separate SSA 
plates su

7) T

pplemented with nalidixic acid (25 mg/mL).  The plates were incubated (35 ± 
°C, 24±2 hr), and the CFU/g of sample were calculated after counting the colonies, as 

Total CFU/g of treated poultry = CFU / mL plated x mL peptone water : g sample 

ounts from 0.3 mL plating were used during the analysis, because they provided most robust, countable 
numbers (i.e., more than 10 whenever possible but less than 100 colonies per plate). 

11 

11.1 Raw Data 

le  Da ud K0

We ) B a 25g  
Samples CFU

2
follows: 

 

analyzed

C

 

RESULTS 

Tab  1 Raw ta for St y #SS11 9ML 

Group ight (g acteri Treatment  in 0.3 mL CFU/g 

A (Test) 200 Yes 2x109 PFU/mL 
SalmoFresh™ 3 2; 5; 3 60; 150; 90 

B (Test) 200 Yes 1x10 /mL 
SalmoFresh™

C (Control) 200 Yes PBS 3 27; 22; 24 810; 660; 720 

 

Table 2 Reduction of Salmonella counts in ground turkey treated with ca. 2x109 PFU/mL 
and 1x109 PFU/mL SalmoFresh  when applied at the rate of 4mL per lb of poultry prior 

to grinding. 
 

Group Challenged 
with 

Sal lla 
Mean CFU/g 

Percent 
reduction vs. Significant? 

9 PFU 3 7; 8; 8 210; 240; 240 

11.2 Tabular presentation of results 

mone
Treatment Replicates 

PBS 

A (Test) Yes 

 
2x109 PFU/mL 
SalmoFresh™ 

 

n =3 100 86.3% Yes 

B (Test) Yes 1x10
SalmoFresh™ n =3 230 68.5% Yes 

C (Control) Yes PBS n = 3 730   

 

9 PFU/mL 
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11.3 Graphical presentation of results 

Chart constructed using raw data (mean with SEM) 

 
 

Chart constructed using log-transformed data 

 
 

11.4 Statistical analysis 

The efficacy of the SalmoFresh™ treatment in reducing the number of viable Salmonella in the 
experimentally contaminated turkey samples was evaluated by comparing the data obtained 
with the PBS-treated control samples and the SalmoFresh™-H and SalmoFresh™-L treated 
samples.   
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Statistical analysis was performed using version 3.1a of GraphPad InStat for Macintosh and 
version 5.0d GraphPad Prism for Macintosh (GraphPad Software; San Diego, CA; 
www.graphpad.com) 
 
 

One-way Analysis of Variance (ANOVA)                

The P value is < 0.0001, considered extremely significant.  Variation among column means is 
significantly greater than expected by chance. 

Comparison Mean 
Difference q P value 

PBS (Control) vs SalmoFresh (1E+09 PFU/mL) 500.00 16.667 *** P<0.001

PBS (Control) vs SalmoFresh (2E+09 PFU/mL) 630.00 21.000 *** P<0.001

SalmoFresh (1E+09 PFU/mL) vs SalmoFresh (2E+09 PFU/mL) 130.00 4.333 ns  P>0.05 

 

 

11.5 Brief discussion of results and study�s conclusions 

- Applying 2x109 PFU/mL SalmoFresh™ to turkey trim prior to grinding – at the rate of 4.0 
mL per lb of poultry - reduced the number of viable Salmonella by ca. 86% after ca. 5 
minutes of incubation at room temperature.  The observed reduction was statistically 
significant (P = <0.001). 

- Applying 1x109 PFU/mL SalmoFresh™ to turkey trim prior to grinding – at the rate of 4.0 
mL per lb of poultry - reduced the number of viable Salmonella by ca. 69% after ca. 5 
minutes of incubation at room temperature.  The observed reduction was statistically 
significant (P = <0.001). 

- The results obtained by treating the contaminated meat with SalmoFresh™ at a dose of 
2x109 PFU/mL and 1x109 PFU/mL were not significantly different from one (P = >0.05). 

 

12 SUMMARY CONCLUSION OF THE STUDY 

 
- SalmoFresh™ can significantly reduce viable Salmonella levels in experimentally 

contaminated turkey trim by ca. 69-86% in 5 minute contact time, when used at an 
application rate of ca. 4 mL/lb prior to grinding; 

- Using 2-fold dilute SalmoFresh™ preparation (1x109 PFU/mL) vs. more concentrated 
SalmoFresh™ preparation (2x109 PFU/mL) does not significantly affect the efficacy. 
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Introduction

 Salmonella-specific phage, marketed as SalmoFresh™ and produced and distributed by 

Intralytix, Inc was applied to raw turkey breast trim for this testing.  The turkey breast trim was 

inoculated with a 5-strain cocktail of Salmonella, spray-applied with a 1:10 solution of 

SalmoFresh™ (10X phage concentrate : water), and stuffed into chub casings (~1 lbs each) to 

determine log reduction values over time at 4°C.   

 The 1:10 SalmoFresh™ solution was estimated to contain 1 x 109 PFU/mL.  PFU = 

Plaque Forming Units.  Intralytix recommended a 1:10 dilution of the concentrate, applied at 2.0 

and 4.0 mL per pound of meat.  As this was an inoculated study, no organoleptic evaluations 

were conducted.

Materials and Methods

Salmonella Isolates

 Five Salmonella isolates were combined (1:1:1:1:1) to form the inoculum in this study.

The isolates were S. Hadar, S. Heidelberg, S. Agona, S. Alachua, and S. Schwarzengrund.

Raw Turkey Meat Block

Raw turkey breast trim pieces were experimentally inoculated and treated with 

SalmoFresh™ in this study.  The moisture, fat, and protein proximate results for the breast trim 

were 72.1%, 9.5%, and 18.9%, respectively.

Sample Preparation Equipment and Materials

The equipment used in mixing and stuffing of the experimentally inoculated and treated 

raw turkey meat is commercially available and are a 20 lb capacity stainless steel meat mixer 

(Lem brand, Harrison, OH) and a 10 lb capacity stainless steel sausage stuffer (Lem brand, 
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Harrison, OH).  Treated meat was stuffed into pre-clipped (on one end) plastic chub casings and 

sealed with colored cable ties.  SalmoFresh™ Salmonella-specific phage product was supplied by 

Intralytix, Inc., Baltimore, MD.  A 32 oz. spray bottle (Model # F80HD24; Home Depot) was 

used for phage application.

Inoculum Preparation

 An inoculum containing five strains of Salmonella (S. Hadar, S. Heidelberg, S. Agona, S.

Alachua, and S. Schwarzengrund) was aseptically prepared for this study.  Each serotype was 

individually cultured to stationary phase in 250 mL of brain-heart infusion broth (BHI broth; 

Becton-Dickinson & Co., Sparks, MD) at 37°C for 24 ± 2 hrs.  Two-hundred and fifty milliliters 

of each serotype stationary growth volume was combined into a sterile 2 L Erlenmeyer flask, 

comprising a total inoculum volume of 1250 mL. 

 In order to determine the inoculum concentration, serial (1:10) dilutions were performed 

with 9 mL tubes of Butterfield’s buffer (3M, St. Paul, MN).  Each (1:10) dilution was spread-

plated onto XLT4 agar (Becton-Dickinson & Co., Sparks, MD) incubated at 37°C for 24 ± 2 hrs, 

and enumerated thereafter.  The inoculum was determined to be 7.90 Log10 CFU/mL.

Meat Block Preparation

 Forty pounds (18.1 kg) of breast trim was used as the testing substrate and consisted of 

un-ground breast trim pieces, that were ground only after inoculation and SalmoFresh™

application in the laboratory (3/16 in. die plate; Model 8-12, Biro Manufacturing Co., 

Marblehead, OH).
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Inoculation of Meat Block

 The 40 lb meat block was divided into two, 16 lb (7.26 kg) batches and individually 

deposited into a 20 lb capacity stainless steel paddle mixer (Lem brand, Harrison, OH).  Each 16 

lb batch was simultaneously mixed and inoculated with 72.6 mL of the five-strain inoculum

(1:100 = 10-2); this process was ca. 1 min in duration.  Once the batches were inoculated, they 

were mixed for an additional 3 min; this served as bacterial adhesion time.   

SalmoFresh™ Application

 SalmoFresh™ Salmonella-specific phage (Intralytix, Inc., Baltimore, MD) was acquired 

for testing.  The SalmoFresh™ titer for the sample received was ca. 1x1010 PFU/mL, where PFU 

stands for Plaque Forming Units.  Before use, SalmoFresh™ was diluted with sterile, deionized 

water (1:10.)  The diluted titer was ca. 1x109 PFU/mL.  Two application volumes were used in 

this study; 2.0 and 4.0 mL/lb of meat.  SalmoFresh™ was applied using a 32 oz. spray bottle 

(Model # F80HD24; Home Depot).  Prior to application, the number of required sprays was 

calculated by counting the number of full sprays into a graduated cylinder that corresponded to 

the desired volume per lb of treated meat.          

 Inoculated breast trim was simultaneously mixed and sprayed with 2.0 or 4.0 mL/lb of 

SalmoFresh™
; this process was ca. 1 min in duration.  Once the inoculated breast trim was 

applied with SalmoFresh, it was mixed for an additional 3 min.  Prior to stuffing, inoculated, 

SalmoFresh™-applied breast trim was covered and allowed to sit for 30 min at room temperature 

to allow for phage attachment.  Breast trim was applied with SalmoFresh™ prior to grinding in 

the laboratory (3/16 in. die plate; Model 8-12, Biro Manufacturing Company, Marblehead, OH). 
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Stuffing

 Inoculated and SalmoFresh™ treated, ground breast trim was stuffed (10 lb capacity 

stainless steel mixer, Lem brand, Harrison, OH) into pre-clipped plastic chub casings.  Target 

chub weight was 1 lb.  Stuffed chubs were closed using cable ties and were held at 4°C until 

microbiological analysis.  

Proximate Analyses   

 Proximate analyses for moisture, fat, and protein of the un-inoculated, non- 

SalmoFresh™-treated breast trim was determined by methods approved and described by AOAC 

International.  Moisture, fat, and protein were determined by an NIR method (AOAC 2007.04).   

Microbiological Analyses

Pre-SalmoFresh™ Application

 Immediately after Salmonella inoculation, triplicate, 11 g samples were serially diluted 

(1:10) with 99 mL of Butterfield’s buffer (3M, St. Paul, MN).  Each (1:10) dilution was spread-

plated onto XLT4 agar (Becton-Dickinson & Co., Sparks, MD) incubated at 37°C for 24 ± 2 hrs, 

and enumerated thereafter.  

Post-SalmoFresh™ Application 

 Treated chubs were tested at 24, 48, 72, and 120 hrs post-SalmoFresh™ application for 

Salmonella.  For each time period, 3 chubs were aseptically opened and 3 portions (ca. 3.7 g 

each) from each end and middle of each of the chubs (11 g total per chub), were first serially 

diluted (1:10) with 99 mL of Butterfield’s buffer (10-1) and then with 9 mL Butterfield’s buffer 

(3M, St. Paul, MN), thereafter.  Each (1:10) dilution was spread-plated onto XLT4 agar (Becton-

Dickinson & Co., Sparks, MD) incubated at 37°C for 24 ± 2 hrs, and enumerated thereafter.  
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Statistical Analysis

 Statistical analysis was performed using version 3.1a of GraphPad InStat for Macintosh 

and version 5.0d GraphPad Prism for Macintosh (GraphPad Software; San Diego, CA; 

(www.graphpad.com)

Results

 When a 1:10 solution of SalmoFresh™ was applied to inoculated breast trim pieces prior 

to grinding at a volume of 2.0 mL per pound of product, it was effective at reducing Salmonella

levels by 0.47 log10 CFU/g after 24 hrs of refrigerated storage (Table 1).  When the treated breast 

trim samples were tested after 48 hrs of storage, Salmonella reduction increased to 0.68 log10

CFU/g (Table 1).  After 72 hrs of storage, Salmonella reduction was 0.49 log10 CFU/g; however, 

after 120 hrs of storage, Salmonella was reduced by 0.71 log10 CFU/g (Table 1).  Between 24 

and 120 hrs of storage, SalmoFresh™ was effectively able to reduce inoculated Salmonella

between 0.47 and 0.71 log10 CFU/g.

 When a 1:10 solution of SalmoFresh™ was applied to inoculated breast trim pieces prior 

to grinding at an increased volume of 4.0 mL per pound of product, and after 24, 48, 72, and 120 

hrs of 4°C storage, it was able to effectively reduce Salmonella between 0.63 and 1.02 log10

CFU/g (Table 1).  Doubling the application volume of SalmoFresh™ increased the log reduction 

of Salmonella at all time points in the study, but the difference was not statistically significant. 

 Applying ca. 1x109 PFU/mL SalmoFresh™ to turkey breast trim at the rate of 2.0 mL per 

lb of turkey reduced the number of viable Salmonella by ca. 66%, 79%, 68%, and 80% after ca. 

24h, 48h, 72h, and 120h refrigerated (ca. 4ºC) storage, respectively.  The observed reduction was 

statistically significant at all time points (P < 0.001).
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 Applying ca. 1x109 PFU/mL SalmoFresh™ to turkey breast trim at the rate of 4.0 mL per 

lb of turkey reduced the number of viable Salmonella by ca. 77%, 91%, 78%, and 83% after ca. 

24h, 48h, 72h, and 120h refrigerated (ca. 4ºC) storage, respectively.  The observed reduction was 

statistically significant at all time points (P < 0.001). 

 The difference in Salmonella recovery among SalmoFresh™ treated (2 mL/lb) samples at 

ca. 24h, 48h, 72h, and 120h refrigerated (ca. 4ºC) storage was not significant at any of the time 

points examined (P > 0.05). 

 The difference in Salmonella recovery among SalmoFresh™ treated (4 mL/lb) samples at 

ca. 24h, 48h, 72h, and 120h refrigerated (ca. 4ºC) storage was not significant at any of the time 

points examined (P > 0.05). 

 The difference in Salmonella recovery among SalmoFresh™ treated (2 mL/lb) and 

SalmoFresh™ treated (4 mL/lb) samples was not significant (P > 0.05) at all time points. 

Conclusion

 Treatment with SalmoFresh™ (2 mL/lb) can significantly reduce Salmonella levels in 

turkey breast trim samples by an average of 73%, but it does not provide continued technical 

effect (i.e., effect is limited to the initial reduction and does not improve during storage).  

 Treatment with SalmoFresh™ (4 mL/lb) can significantly reduce Salmonella levels in 

turkey breast trim samples by an average of 82%, but it does not provide continued technical 

effect (i.e., effect is limited to the initial reduction and does not improve during storage).   

 Using higher application rate (4 mL/lb vs. 2 mL/lb) of SalmoFresh™ results in 

numerically better reduction in Salmonella levels.  However, the differences are not statistically 

significant (P > 0.05).
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Table 2. One-way analysis of variance (ANOVA) evaluated by comparing the levels of 
Salmonella (CFU/g) recovered from turkey breast trim before and after treatment with a 
1:10 SalmoFresh™ phage solution (ca. 1x109 PFU/mL) at an application volume of 2.0 or 
4.0 mL/lb of product during storage at 4°C. 

Comparison  Mean 
Difference t P value 

Before treatment vs 2 mL/lb SalmoFresh 24h  458333 6.866 *** P<0.001 
Before treatment vs 4 mL/lb SalmoFresh 24h 535000 8.014 *** P<0.001 
Before treatment vs 2 mL/lb SalmoFresh 48h  550000 8.239 *** P<0.001 
Before treatment vs 4 mL/lb SalmoFresh 48h  630500 9.445 *** P<0.001 
Before treatment vs 2 mL/lb SalmoFresh 72h  472500 7.078 *** P<0.001 
Before treatment vs 4 mL/lb SalmoFresh 72h  543500 8.142 *** P<0.001 
Before treatment vs 2 mL/lb SalmoFresh 120h  559333 8.379 *** P<0.001 
Before treatment vs 4 mL/lb SalmoFresh 120h  581333 8.709 *** P<0.001 

SalmoFresh (2 mL/lb) 24h vs SalmoFresh (4 mL/lb) 24h 76667 1.148 ns  P>0.05 
SalmoFresh (2 mL/lb) 24h vs SalmoFresh (2 mL/lb) 48h 91667 1.373 ns  P>0.05 
SalmoFresh (2 mL/lb) 24h vs SalmoFresh (4 mL/lb) 48h  172167 2.579 ns  P>0.05 
SalmoFresh (2 mL/lb) 24h vs SalmoFresh (2 mL/lb) 72h 14167 0.2122 ns  P>0.05 
SalmoFresh (2 mL/lb) 24h vs SalmoFresh (4 mL/lb) 72h 85167 1.276 ns  P>0.05 
SalmoFresh (2 mL/lb) 24h vs SalmoFresh (2 mL/lb) 120h 101000 1.513 ns  P>0.05 
SalmoFresh (2 mL/lb) 24h vs SalmoFresh (4 mL/lb) 120h 123000 1.843 ns  P>0.05 
SalmoFresh (4 mL/lb) 24h vs SalmoFresh (2 mL/lb) 48h 15000 0.2247 ns  P>0.05 
SalmoFresh (4 mL/lb) 24h vs SalmoFresh (4 mL/lb) 48h 95500 1.431 ns  P>0.05 
SalmoFresh (4 mL/lb) 24h vs SalmoFresh (2 mL/lb) 72h -62500 0.9363 ns  P>0.05 
SalmoFresh (4 mL/lb) 24h vs SalmoFresh (4 mL/lb) 72h 8500.0 0.1273 ns  P>0.05 
SalmoFresh (4 mL/lb) 24h vs SalmoFresh (2 mL/lb) 120h 24333 0.3645 ns  P>0.05 
SalmoFresh (4 mL/lb) 24h vs SalmoFresh (4 mL/lb) 120h 46333 0.6941 ns  P>0.05 
SalmoFresh (2 mL/lb) 48h vs SalmoFresh (4 mL/lb) 48h 80500 1.206 ns  P>0.05 
SalmoFresh (2 mL/lb) 48h vs SalmoFresh (2 mL/lb) 72h -77500 1.161 ns  P>0.05 
SalmoFresh (2 mL/lb) 48h vs SalmoFresh (4 mL/lb) 72h -6500.0 0.09737 ns  P>0.05 
SalmoFresh (2 mL/lb) 48h vs SalmoFresh (2 mL/lb) 120h 9333.3 0.1398 ns  P>0.05 
SalmoFresh (2 mL/lb) 48h vs SalmoFresh (4 mL/lb) 120h 31333 0.4694 ns  P>0.05 
SalmoFresh (4 mL/lb) 48h vs SalmoFresh (2 mL/lb) 72h -158000 2.367 ns  P>0.05 
SalmoFresh (4 mL/lb) 48h vs SalmoFresh (4 mL/lb) 72h -87000 1.303 ns  P>0.05 
SalmoFresh (4 mL/lb) 48h vs SalmoFresh (2 mL/lb) 120h -71167 1.066 ns  P>0.05 
SalmoFresh (4 mL/lb) 48h vs SalmoFresh (4 mL/lb) 120h -49167 0.7365 ns  P>0.05 
SalmoFresh (2 mL/lb) 72h vs SalmoFresh (4 mL/lb) 72h 71000 1.064 ns  P>0.05 
SalmoFresh (2 mL/lb) 72h vs SalmoFresh (2 mL/lb) 120h 86833 1.301 ns  P>0.05 
SalmoFresh (2 mL/lb) 72h vs SalmoFresh (4 mL/lb) 120h 108833 1.630 ns  P>0.05 
SalmoFresh (4 mL/lb) 72h vs SalmoFresh (2 mL/lb) 120h 15833 0.2372 ns  P>0.05 
SalmoFresh (4 mL/lb) 72h vs SalmoFresh (4 mL/lb) 120h 37833 0.5668 ns  P>0.05 
SalmoFresh (2 mL/lb) 120 vs SalmoFresh (4 mL/lb) 120h 22000 0.3296 ns  P>0.05 

 13



Figure 1 Reduction of Salmonella levels in turkey breast trim samples treated with a 1:10 
SalmoFresh™ at application volumes of 2.0 mL/lb and 4.0 mL/lb of product during storage 
at 4°C.  Note: Chart was constructed using raw data 
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Introduction

 Salmonella-specific phage, marketed as SalmoFresh™ and produced and distributed by 

Intralytix, Inc was applied to raw dark ground turkey for this testing.  The dark ground turkey 

was inoculated with a 5-strain cocktail of Salmonella, spray-applied with a 1:10 solution of 

SalmoFresh™ (10X phage concentrate : water), and stuffed into chub casings (~1 lbs each) to 

determine log reduction values over time at 4°C.   

 The 1:10 SalmoFresh™ solution was estimated to contain 1 x 109 PFU/mL.  PFU = 

Plaque Forming Units.  Intralytix recommended a 1:10 dilution of the concentrate, applied at 2.0 

and 4.0 mL per pound of meat.  As this was an inoculated study, no organoleptic evaluations 

were conducted.

Materials and Methods

Salmonella Isolates

 Five Salmonella isolates were combined (1:1:1:1:1) to form the inoculum in this study.

The isolates were S. Hadar, S. Heidelberg, S. Agona, S. Alachua, and S. Schwarzengrund.

Raw Turkey Meat Block

Raw dark ground turkey was experimentally inoculated and treated with SalmoFresh™ in 

this study.  The moisture, fat, and protein proximate results for the dark ground turkey were 

69.9%, 15.4%, and 15.3%, respectively.

Sample Preparation Equipment and Materials

The equipment used in mixing and stuffing of the experimentally inoculated and treated 

raw turkey meat is commercially available and are a 20 lb capacity stainless steel meat mixer 

(Lem brand, Harrison, OH) and a 10 lb capacity stainless steel sausage stuffer (Lem brand, 
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Harrison, OH).  Treated meat was stuffed into pre-clipped (on one end) plastic chub casings and 

sealed with colored cable ties.  SalmoFresh™ Salmonella-specific phage product was supplied by 

Intralytix, Inc., Baltimore, MD.  A 32 oz. spray bottle (Model # F80HD24; Home Depot) was 

used for phage application.

Inoculum Preparation

 An inoculum containing five strains of Salmonella (S. Hadar, S. Heidelberg, S. Agona, S.

Alachua, and S. Schwarzengrund) was aseptically prepared for this study.  Each serotype was 

individually cultured to stationary phase in 250 mL of brain-heart infusion broth (BHI broth; 

Becton-Dickinson & Co., Sparks, MD) at 37°C for 24 ± 2 hrs.  Two-hundred and fifty milliliters 

of each serotype stationary growth volume was combined into a sterile 2 L Erlenmeyer flask, 

comprising a total inoculum volume of 1250 mL. 

 In order to determine the inoculum concentration, serial (1:10) dilutions were performed 

with 9 mL tubes of Butterfield’s buffer (3M, St. Paul, MN).  Each (1:10) dilution was spread-

plated onto XLT4 agar (Becton-Dickinson & Co., Sparks, MD) incubated at 37°C for 24 ± 2 hrs, 

and enumerated thereafter.  The inoculum was determined to be 7.90 Log10 CFU/mL. 

Meat Block Preparation

 Forty pounds (18.1 kg) of dark ground turkey was acquired from a processing facility.
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Inoculation of Meat Block

 The 40 lb meat block was divided into two, 16 lb (7.26 kg) batches and individually 

deposited into a 20 lb capacity stainless steel paddle mixer (Lem brand, Harrison, OH).  Each 16 

lb batch was simultaneously mixed and inoculated with 72.6 mL of the five-strain inoculum

(1:100 = 10-2); this process was ca. 1 min in duration.  Once the batches were inoculated, they 

were mixed for an additional 3 min; this served as bacterial adhesion time.  

SalmoFresh™ Application

 SalmoFresh™ Salmonella-specific phage (Intralytix, Inc., Baltimore, MD) was acquired 

for testing.  The SalmoFresh™ titer for the sample received was ca. 1x1010 PFU/mL, where PFU 

stands for Plaque Forming Units.  Before use, SalmoFresh™ was diluted with sterile, deionized 

water (1:10.)  The diluted titer was ca. 1x109 PFU/mL.  Two application volumes were used in 

this study; 2.0 and 4.0 mL/lb of meat.  SalmoFresh™ was applied using a 32 oz. spray bottle 

(Model # F80HD24; Home Depot).  Prior to application, the number of required sprays was 

calculated by counting the number of full sprays into a graduated cylinder that corresponded to 

the desired volume per lb of treated meat.          

 Inoculated dark ground turkey was simultaneously mixed and sprayed with 2.0 or 4.0 

mL/lb of SalmoFresh™
; this process was ca. 1 min in duration.  Once the inoculated dark ground 

turkey was applied with SalmoFresh™, it was mixed for an additional 3 min; this served as 

bacterial adhesion time.  Prior to stuffing, inoculated, SalmoFresh™-applied dark ground turkey 

was covered and allowed to sit for 30 min at room temperature to allow for phage attachment.   



 8

Stuffing

 Inoculated and SalmoFresh™ treated, dark ground turkey was stuffed (10 lb capacity 

stainless steel mixer, Lem brand, Harrison, OH) into pre-clipped plastic chub casings.  Target 

chub weight was 1 lb.  Stuffed chubs were closed using cable ties and were held at 4°C until 

microbiological analysis.  

Proximate Analyses   

 Proximate analyses for moisture, fat, and protein of the un-inoculated, non- 

SalmoFresh™-treated dark ground turkey was determined by methods approved and described by 

AOAC International.  Moisture, fat, and protein were determined by an NIR method (AOAC 

2007.04).

Microbiological Analyses

Pre-SalmoFresh™ Application

 Immediately after Salmonella inoculation, triplicate, 11 g samples were serially diluted 

(1:10) with 99 mL of Butterfield’s buffer (3M, St. Paul, MN).  Each (1:10) dilution was spread-

plated onto XLT4 agar (Becton-Dickinson & Co., Sparks, MD) incubated at 37°C for 24 ± 2 hrs, 

and enumerated thereafter.  

Post-SalmoFresh™ Application 

 Treated chubs were tested at 24, 48, 72, and 120 hrs post-SalmoFresh™ application for 

Salmonella.  For each time period, 3 chubs were aseptically opened and 3 portions (ca. 3.7 g 

each) from each end and middle of each of the chubs (11 g total per chub), were first serially 

diluted (1:10) with 99 mL of Butterfield’s buffer (10-1) and then with 9 mL Butterfield’s buffer 
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(3M, St. Paul, MN), thereafter.  Each (1:10) dilution was spread-plated onto XLT4 agar (Becton-

Dickinson & Co., Sparks, MD) incubated at 37°C for 24 ± 2 hrs, and enumerated thereafter.  

Statistical Analysis

 Statistical analysis was performed using version 3.1a of GraphPad InStat for Macintosh 

and version 5.0d GraphPad Prism for Macintosh (GraphPad Software; San Diego, CA; 

(www.graphpad.com)

Results

 Two milliliters per pound of a 1:10 solution of SalmoFresh™, when applied to dark 

ground turkey and stored for 24 hrs resulted in a 0.61 log10 CFU/g reduction in inoculated 

Salmonella (Table 2).  After 48, 72, and 120 hrs of refrigerated storage, the 2.0 mL/lb of 

SalmoFresh™ able to effectively reduce Salmonella levels by 0.56, 0.45, and 0.77 log10 CFU/g 

(Table 2).

 Doubling the application volume of SalmoFresh™ increased the log reduction of 

Salmonella in the dark ground turkey chubs.  Testing at 24 hrs of storage at this increased 

application volume revealed the same reduction in Salmonella as 120 hrs of storage at 2.0 mL/lb, 

0.77  log10 CFU/g (Table 2).  Greater log reductions were seen for all time points tested beyond 

24 hrs post-application; averaging at 1.03 log10 CFU/g.  After 48, 72, and 120 hrs of storage, 

Salmonella reduction in dark ground turkey was 1.12, 0.98, and 1.00 log10 CFU/g (Table 2).

 Applying ca. 1x109 PFU/mL SalmoFresh™ to dark ground turkey at the rate of 2.0 mL 

per lb of turkey reduced the number of viable Salmonella by ca. 75%, 73%, 65%, and 83% after 

ca. 24h, 48h, 72h, and 120h refrigerated (ca. 4ºC) storage, respectively.  The observed reduction 

was statistically significant at all time points (P < 0.001).



 10

 Applying ca. 1x109 PFU/mL SalmoFresh™ to dark ground turkey at the rate of 4.0 mL 

per lb of turkey reduced the number of viable Salmonella by ca. 83%, 92%, 90%, and 90% after 

ca. 24h, 48h, 72h, and 120h refrigerated (ca. 4ºC) storage, respectively.  The observed reduction 

was statistically significant at all time points (P < 0.001). 

 The difference in Salmonella recovery among SalmoFresh™ treated (2 mL/lb) samples at 

ca. 24h, 48h, 72h, and 120h refrigerated (ca. 4ºC) storage were not significant (P > 0.05). 

The difference in Salmonella recovery among SalmoFresh™ treated (4 mL/lb) samples at ca. 24h, 

48h, 72h, and 120h refrigerated (ca. 4ºC) storage were not significant (P > 0.05). 

 The difference in Salmonella recovery among SalmoFresh™ treated (2 mL/lb) and 

SalmoFresh™ treated (4 mL/lb) samples was not significant (P > 0.05) at all time points. 

Conclusion

Treatment with SalmoFresh™ (2 mL/lb) can significantly reduce Salmonella levels in 

dark ground turkey by an average of 74%, but it does not provide continued technical effect (i.e., 

effect is limited to the initial reduction and does not improve during storage). 

Treatment with SalmoFresh™ (4 mL/lb) can significantly reduce Salmonella levels in 

dark ground turkey by an average of 89%, but it does not provide continued technical effect (i.e., 

effect is limited to the initial reduction and does not improve during storage).   

Using higher application rate (4 mL/lb vs. 2 mL/lb) of SalmoFresh™ results in 

numerically better reduction in Salmonella levels in dark ground turkey.  However, the 

differences are not statistically significant (P > 0.05). 
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Table 2. One-way analysis of variance (ANOVA) evaluated by comparing the levels of 
Salmonella (CFU/g) recovered from dark ground turkey before and after treatment with a 
1:10 SalmoFresh™ phage solution (ca. 1x109 PFU/mL) at an application volume of 2.0 or 
4.0 mL/lb of product during storage at 4°C. 

Comparison  Mean 
Difference t P value 

Before treatment vs 2 mL/lb SalmoFresh 24h  725000 9.338 *** P<0.001 
Before treatment vs 4 mL/lb SalmoFresh 24h 798333 10.283 *** P<0.001 
Before treatment vs 2 mL/lb SalmoFresh 48h  697333 8.982 *** P<0.001 
Before treatment vs 4 mL/lb SalmoFresh 48h  889333 11.455 *** P<0.001 
Before treatment vs 2 mL/lb SalmoFresh 72h  624167 8.039 *** P<0.001 
Before treatment vs 4 mL/lb SalmoFresh 72h  861667 11.098 *** P<0.001 
Before treatment vs 2 mL/lb SalmoFresh 120h  797000 10.266 *** P<0.001 
Before treatment vs 4 mL/lb SalmoFresh 120h  865833 11.152 *** P<0.001 

SalmoFresh (2 mL/lb) 24h vs SalmoFresh (4 mL/lb) 24h 73333 0.9446 ns  P>0.05 
SalmoFresh (2 mL/lb) 24h vs SalmoFresh (2 mL/lb) 48h -27667 0.3564 ns  P>0.05 
SalmoFresh (2 mL/lb) 24h vs SalmoFresh (4 mL/lb) 48h  164333 2.117 ns  P>0.05 
SalmoFresh (2 mL/lb) 24h vs SalmoFresh (2 mL/lb) 72h -100833 1.299 ns  P>0.05 
SalmoFresh (2 mL/lb) 24h vs SalmoFresh (4 mL/lb) 72h 136667 1.760 ns  P>0.05 
SalmoFresh (2 mL/lb) 24h vs SalmoFresh (2 mL/lb) 120h 72000 0.9274 ns  P>0.05 
SalmoFresh (2 mL/lb) 24h vs SalmoFresh (4 mL/lb) 120h 140833 1.814 ns  P>0.05 
SalmoFresh (4 mL/lb) 24h vs SalmoFresh (2 mL/lb) 48h -101000 1.301 ns  P>0.05 
SalmoFresh (4 mL/lb) 24h vs SalmoFresh (4 mL/lb) 48h 91000 1.172 ns  P>0.05 
SalmoFresh (4 mL/lb) 24h vs SalmoFresh (2 mL/lb) 72h -174167 2.243 ns  P>0.05 
SalmoFresh (4 mL/lb) 24h vs SalmoFresh (4 mL/lb) 72h 63333 0.8157 ns  P>0.05 
SalmoFresh (4 mL/lb) 24h vs SalmoFresh (2 mL/lb) 120h -1333.3 0.01717 ns  P>0.05 
SalmoFresh (4 mL/lb) 24h vs SalmoFresh (4 mL/lb) 120h 67500 0.8694 ns  P>0.05 
SalmoFresh (2 mL/lb) 48h vs SalmoFresh (4 mL/lb) 48h 192000 2.473 ns  P>0.05 
SalmoFresh (2 mL/lb) 48h vs SalmoFresh (2 mL/lb) 72h -73167 0.9424 ns  P>0.05 
SalmoFresh (2 mL/lb) 48h vs SalmoFresh (4 mL/lb) 72h 164333 2.117 ns  P>0.05 
SalmoFresh (2 mL/lb) 48h vs SalmoFresh (2 mL/lb) 120h 99667 1.284 ns  P>0.05 
SalmoFresh (2 mL/lb) 48h vs SalmoFresh (4 mL/lb) 120h 168500 2.170 ns  P>0.05 
SalmoFresh (4 mL/lb) 48h vs SalmoFresh (2 mL/lb) 72h -265167 3.415 ns  P>0.05 
SalmoFresh (4 mL/lb) 48h vs SalmoFresh (4 mL/lb) 72h -27667 0.3564 ns  P>0.05 
SalmoFresh (4 mL/lb) 48h vs SalmoFresh (2 mL/lb) 120h -92333 1.189 ns  P>0.05 
SalmoFresh (4 mL/lb) 48h vs SalmoFresh (4 mL/lb) 120h -23500 0.3027 ns  P>0.05 
SalmoFresh (2 mL/lb) 72h vs SalmoFresh (4 mL/lb) 72h 237500 3.059 ns  P>0.05 
SalmoFresh (2 mL/lb) 72h vs SalmoFresh (2 mL/lb) 120h 172833 2.226 ns  P>0.05 
SalmoFresh (2 mL/lb) 72h vs SalmoFresh (4 mL/lb) 120h 241667 3.113 ns  P>0.05 
SalmoFresh (4 mL/lb) 72h vs SalmoFresh (2 mL/lb) 120h -64667 0.8329 ns  P>0.05 
SalmoFresh (4 mL/lb) 72h vs SalmoFresh (4 mL/lb) 120h 4166.7 0.05367 ns  P>0.05 
SalmoFresh (2 mL/lb) 120 vs SalmoFresh (4 mL/lb) 120h 68833 0.8866 ns  P>0.05 
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Figure 1 Reduction of Salmonella levels in dark ground turkey samples treated with a 1:10 
SalmoFresh™ at application volumes of 2.0 mL/lb and 4.0 mL/lb of product during storage 
at 4°C.  Note: Chart was constructed using raw data 

 14



 

 

Appendix 1.6: 
Study #T2DG 

  



 
 

 
  

*T2DG* 

 
 

Efficacy of SalmoFresh™ (Phage) Application on the 
Reduction of Salmonella spp. in Inoculated Dark 

Ground Turkey Meat



 2

TABLE OF CONTENTS 

List of Tables           3 
 
List of Figures           4 
 
Introduction           5 
 
Materials and Methods         5 

 Salmonella Isolates         5 

 Raw Turkey Meat Block        5 

 Sample Preparation Equipment and Materials     5 

 Inoculum Preparation         6 

 Meat Block Preparation        6 

 Inoculation of Meat Block        6 

 SalmoFresh™ Application        7 

 Stuffing          7 

 Proximate Analyses         8 

 Microbiological Analyses        8 

  Pre-SalmoFresh™ Application      8 

  Post-SalmoFresh™ Application      8 

 Statistical Analysis         8 

Results            9 

Conclusion                    10 
 
Tables                     12 
 
Figure                     14 



 3

LIST OF TABLES 
 

 
Table 1. Salmonella spp. plate count (Log10 Mean CFU/g) of dark ground turkey treated with a 

1:10 SalmoFresh™ phage solution (ca. 1x109 PFU/mL) at an application volume of 
0.5mL/lb of product during storage at 4°C................................................................... 12 

Table 2. One-way analysis of variance (ANOVA) evaluated by comparing the levels of 
Salmonella (CFU/g) recovered from dark ground turkey before and after treatment with a 
1:10 SalmoFresh™ phage solution (ca. 1x109 PFU/mL) at an application volume of 
0.5mL/lb of product during storage at 4°C................................................................... 13 

 



 4

LIST OF FIGURES 
 

  
Figure 1 Reduction of Salmonella levels in dark ground turkey samples treated with a 1:10 

SalmoFresh™ at an application volume of 0.5 mL/lb of product during storage at 4°C.  
Note: Chart was constructed using raw data................................................................. 14 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 5

Introduction 

 Salmonella-specific phage, marketed as SalmoFresh™ and produced and distributed by 

Intralytix, Inc was applied to raw dark ground turkey for this testing.  The dark ground turkey 

was inoculated with a 5-strain cocktail of Salmonella, spray-applied with a 1:10 solution of 

SalmoFresh™ (10X phage concentrate : water), and stuffed into chub casings (~1 lbs each) to 

determine log reduction values over time at 4°C.   

 The 1:10 SalmoFresh™ solution was estimated to contain 1 x 109 PFU/mL.  PFU = 

Plaque Forming Units.  Intralytix recommended a 1:10 dilution of the concentrate, applied at 0.5 

mL per pound of meat.  As this was an inoculated study, no organoleptic evaluations were 

conducted.     

 

 
Materials and Methods 

Salmonella Isolates 

 Five Salmonella isolates were combined (1:1:1:1:1) to form the inoculum in this study.  

The isolates were S. Hadar, S. Heidelberg, S. Agona, S. Alachua, and S. Schwarzengrund.   

 

Raw Turkey Meat Block 

Raw dark ground turkey was experimentally inoculated and treated with SalmoFresh™ in 

this study.  The moisture, fat, and protein results were 70.4%, 14.2%, and 15.2%, respectively. 

 

Sample Preparation Equipment and Materials 

The equipment used in mixing and stuffing of the experimentally inoculated and treated 

raw turkey meat is commercially available and are a 20 lb capacity stainless steel meat mixer 

(Lem brand, Harrison, OH) and a 10 lb capacity stainless steel sausage stuffer (Lem brand, 
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Harrison, OH).  Treated meat was stuffed into pre-clipped (on one end) plastic chub casings and 

sealed with colored cable ties.  SalmoFresh™ Salmonella-specific phage product was supplied by 

Intralytix, Inc., Baltimore, MD.  A 32 oz. spray bottle (Model # F80HD24; Home Depot) was 

used for phage application.    

 

Inoculum Preparation 

 An inoculum containing five strains of Salmonella (S. Hadar, S. Heidelberg, S. Agona, S. 

Alachua, and S. Schwarzengrund) was aseptically prepared for this study.  Each serotype was 

individually cultured to stationary phase in 250 mL of brain-heart infusion broth (BHI broth; 

Becton-Dickinson & Co., Sparks, MD) at 37°C for 24 ± 2 hrs.  Two-hundred and fifty milliliters 

of each serotype stationary growth volume was combined into a sterile 2 L Erlenmeyer flask, 

comprising a total inoculum volume of 1250 mL. 

 In order to determine the inoculum concentration, serial (1:10) dilutions were performed 

with 9 mL tubes of Butterfield’s buffer (3M, St. Paul, MN).  Each (1:10) dilution was spread-

plated onto XLT4 agar (Becton-Dickinson & Co., Sparks, MD) incubated at 37°C for 24 ± 2 hrs, 

and enumerated thereafter.  The inoculum was determined to be 8.53 Log10 CFU/mL.  

Meat Block Preparation 

 Sixteen pounds (7.23 kg) of dark ground turkey was acquired from a processing facility 

for this study. 

 

Inoculation of Meat Block 

 The 16 lb meat block was deposited into a 20 lb capacity stainless steel paddle mixer 

(Lem brand, Harrison, OH) and simultaneously mixed and inoculated with 72.3 mL of the five-
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strain inoculum (1:100 = 10-2); this process was ca. 1 min in duration.  Once inoculated, the dark 

ground turkey was mixed for an additional 3 min; this served as bacterial adhesion time.   

 

SalmoFresh™ Application  

 SalmoFresh™ Salmonella-specific phage (Intralytix, Inc., Baltimore, MD) was acquired 

for testing.  The SalmoFresh™ titer for the sample received was ca. 1x1010 PFU/mL, where PFU 

stands for Plaque Forming Units.  Before use, SalmoFresh™ was diluted with sterile, deionized 

water (1:10.)  The diluted titer was ca. 1x109 PFU/mL.  One application volume was used in this 

study; 0.5 mL/lb of meat.  SalmoFresh™ was applied using a 32 oz. spray bottle (Model # 

F80HD24; Home Depot).  Prior to application, the number of required sprays was calculated by 

counting the number of full sprays into a graduated cylinder that corresponded to the desired 

volume per lb of treated meat.          

 Inoculated dark ground turkey was simultaneously mixed and sprayed with 0.5 mL/lb of 

SalmoFresh™
; this process was ca. 1 min in duration.  Once the inoculated dark ground turkey 

was applied with SalmoFresh, it was mixed for an additional 3 min.  Prior to stuffing, inoculated, 

SalmoFresh™-applied dark ground turkey was covered and allowed to sit for 30 min at room 

temperature to allow for phage attachment. 

Stuffing  

 Inoculated and SalmoFresh™- treated, dark ground turkey was stuffed (10 lb capacity 

stainless steel mixer, Lem brand, Harrison, OH) into pre-clipped plastic chub casings.  Target 

chub weight was 1 lb.  Stuffed chubs were closed using cable ties and were held at 4°C until 

microbiological analysis.  
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Proximate Analyses    

 Proximate analyses for moisture, fat, and protein of the un-inoculated, non- 

SalmoFresh™-treated dark ground turkey was determined by methods approved and described by 

AOAC International.  Moisture, fat, and protein were determined by an NIR method (AOAC 

2007.04).      

Microbiological Analyses 

 Pre-SalmoFresh™ Application 

 Immediately after Salmonella inoculation, triplicate, 11 g samples were serially diluted 

(1:10) with 99 mL of Butterfield’s buffer (3M, St. Paul, MN).  Each (1:10) dilution was spread-

plated onto XLT4 agar (Becton-Dickinson & Co., Sparks, MD) incubated at 37°C for 24 ± 2 hrs, 

and enumerated thereafter.  

 Post-SalmoFresh™ Application  

 Treated chubs were tested at 24, 48, and 96 hrs post-SalmoFresh™ application for 

Salmonella.  For each time period, 3 chubs were aseptically opened and 3 portions (ca. 3.7 g 

each) from each end and middle of each of the chubs (11 g total per chub), were first serially 

diluted (1:10) with 99 mL of Butterfield’s buffer (10-1) and then with 9 mL Butterfield’s buffer 

(3M, St. Paul, MN), thereafter.  Each (1:10) dilution was spread-plated onto XLT4 agar (Becton-

Dickinson & Co., Sparks, MD) incubated at 37°C for 24 ± 2 hrs, and enumerated thereafter.  

 

Statistical Analysis 

 Statistical analysis was performed using version 3.1a of GraphPad InStat for Macintosh 

and version 5.0d GraphPad Prism for Macintosh (GraphPad Software; San Diego, CA; 

(www.graphpad.com) 
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Results 

The results of this study indicate that a 1:10 (0.5mL/lb) SalmoFresh™ solution containing 

ca. 1x109 PFU/mL applied to inoculated dark ground turkey after 24 hours of refrigerated 

storage, was effective in reducing inoculated Salmonella levels by 0.94 log10 CFU/g.  

Additionally, after 48 and 96 hours of storage, Salmonella was  reduced by 1.16 and 1.32 log10 

CFU/g, respectively (Table 1).      

Applying ca. 1x109 PFU/mL SalmoFresh™ to dark ground turkey at the rate of 0.5 mL 

per lb of turkey reduced the number of viable Salmonella by ca. 89% after ca. 24 h of incubation 

at refrigerated temperature (ca. 4ºC).  The observed reduction was statistically significant (P < 

0.001). 

 Applying ca. 1x109 PFU/mL SalmoFresh™ to dark ground turkey at the rate of 0.5 mL 

per lb of turkey reduced the number of viable Salmonella by ca. 93% after ca. 48 h of incubation 

at refrigerated temperature (ca. 4ºC).  The observed reduction was statistically significant (P < 

0.001). 

 Applying ca. 1x109 PFU/mL SalmoFresh™ to dark ground turkey at the rate of 0.5 mL 

per lb of turkey reduced the number of viable Salmonella by ca. 95% after ca. 96 h of incubation 

at refrigerated temperature (ca. 4ºC).  The observed reduction was statistically significant (P < 

0.001). 

 The difference in Salmonella recovery among SalmoFresh™ treated dark ground turkey 

samples at 24 h, 48 h, and 96 h were not significant (P > 0.05). 
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Conclusion 

 

 Overall, the application of a 1:10 (0.5mL/lb) solution of SalmoFresh™, a Salmonella-

specific phage product to dark ground turkey is able to effectively reduce Salmonella spp. by 

over 1 log10 CFU/g, from 24 to 96 hours post-application, when stored at 4°C.   

 SalmoFresh™ significantly (by 89, 93, and 95%) reduced Salmonella contamination in 

dark ground turkey samples stored for 24 h, 48 h, and 96 h; respectively, when applied at the rate 

of 0.5 mL SalmoFresh™ (ca. 1x109 PFU/mL) per lb of meat.  Reduction in Salmonella levels at 

24 h, 48 h, and 96 h were similar (differences not statistically significant (P > 0.05).) 

Treatment with SalmoFresh™ can significantly reduce Salmonella levels in dark ground 

turkey samples by  89%, but it does not provide continued technical effect (i.e., effect is limited 

to the initial reduction and does not improve during storage). 
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Figure 1 Reduction of Salmonella levels in dark ground turkey samples treated with a 1:10 
SalmoFresh™ at an application volume of 0.5 mL/lb of product during storage at 4°C.
Note: Chart was constructed using raw data 
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Introduction 

 Salmonella-specific phage, marketed as SalmoFresh™ and produced and distributed by 

Intralytix, Inc was applied to raw turkey breast trim for this testing.  The turkey breast trim was 

inoculated with a 5-strain cocktail of Salmonella, spray-applied with a 1:10 solution of 

SalmoFresh™ (10X phage concentrate : water), and stuffed into chub casings (~1 lbs each) to 

determine log reduction values over time at 4°C.   

 The 1:10 SalmoFresh™ solution was estimated to contain 1 x 109 PFU/mL.  PFU = 

Plaque Forming Units.  Intralytix recommended a 1:10 dilution of the concentrate, applied at 0.5 

mL per pound of meat.  As this was an inoculated study, no organoleptic evaluations were 

conducted.     

 
Materials and Methods 

Salmonella Isolates 

 Five Salmonella isolates were combined (1:1:1:1:1) to form the inoculum in this study.  

The isolates were S. Hadar, S. Heidelberg, S. Agona, S. Alachua, and S. Schwarzengrund.   

 

Raw Turkey Meat Block 

Raw turkey breast trim pieces were experimentally inoculated and treated with 

SalmoFresh™ in this study.  The moisture, fat, and protein proximate results were 72.1%, 9.51%, 

and 18.9%, respectively.    

 

Sample Preparation Equipment and Materials 

The equipment used in mixing and stuffing of the experimentally inoculated and treated 

raw turkey meat is commercially available and are a 20 lb capacity stainless steel meat mixer 

(Lem brand, Harrison, OH) and a 10 lb capacity stainless steel sausage stuffer (Lem brand, 
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Harrison, OH).  Treated meat was stuffed into pre-clipped (on one end) plastic chub casings and 

sealed with colored cable ties.  SalmoFresh™  Salmonella-specific phage product was supplied 

by Intralytix, Inc., Baltimore, MD.  A 32 oz. spray bottle (Model # F80HD24; Home Depot) was 

used for phage application.    

 

Inoculum Preparation 

 An inoculum containing five strains of Salmonella (S. Hadar, S. Heidelberg, S. Agona, S. 

Alachua, and S. Schwarzengrund) was aseptically prepared for this study.  Each serotype was 

individually cultured to stationary phase in 250 mL of brain-heart infusion broth (BHI broth; 

Becton-Dickinson & Co., Sparks, MD) at 37°C for 24 ± 2 hrs.  Two-hundred and fifty milliliters 

of each serotype stationary growth volume was combined into a sterile 2 L Erlenmeyer flask, 

comprising a total inoculum volume of 1250 mL. 

 In order to determine the inoculum concentration, serial (1:10) dilutions were performed 

with 9 mL tubes of Butterfield’s buffer (3M, St. Paul, MN).  Each (1:10) dilution was spread-

plated onto XLT4 agar (Becton-Dickinson & Co., Sparks, MD) incubated at 37°C for 24 ± 2 hrs, 

and enumerated thereafter.  The inoculum was determined to be 8.03 Log10 CFU/mL.  

Meat Block Preparation 

 The breast trim was acquired from a processing facility.  Sixteen pounds (7.23 kg) of 

breast trim was used for this meat block and consisted of un-ground breast trim pieces, that were 

ground only after inoculation and SalmoFresh™ application in the laboratory (3/16 in. die plate; 

Model 8-12, Biro Manufacturing Company, Marblehead, OH).   
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Inoculation of Meat Block 

 The 16 lb meat block was deposited into a 20 lb capacity stainless steel paddle mixer 

(Lem brand, Harrison, OH) and simultaneously mixed and inoculated with 72.3 mL of the five-

strain inoculum (1:100 = 10-2); this process was ca. 1 min in duration.  Once inoculated, the trim 

was mixed for an additional 3 min; this served as bacterial adhesion time.   

 

SalmoFresh™ Application  

 SalmoFresh™ Salmonella-specific phage (Intralytix, Inc., Baltimore, MD) was acquired 

for testing.  The SalmoFresh™ titer for the sample received was ca. 1x1010 PFU/mL, where PFU 

stands for Plaque Forming Units.  Before use, SalmoFresh™ was diluted with sterile, deionized 

water (1:10.).  The diluted titer was ca. 1x109 PFU/mL.  One application volume was used in this 

study; 0.5 mL/lb of meat.  SalmoFresh™ was applied using a 32 oz. spray bottle (Model # 

F80HD24; Home Depot).  Prior to application, the number of required sprays was calculated by 

counting the number of full sprays into a graduated cylinder that corresponded to the desired 

volume per lb of treated meat.          

 Inoculated breast trim was simultaneously mixed and sprayed with 0.5 mL/lb of 

SalmoFresh™
; this process was ca. 1 min in duration.  Once the inoculated breast trim was 

applied with SalmoFresh, it was mixed for an additional 3 min.  Prior to stuffing, inoculated, 

SalmoFresh™-applied breast trim was covered and allowed to sit for 30 min at room temperature 

to allow for phage attachment.  Breast trim was applied with SalmoFresh™ prior to grinding in 

the laboratory (3/16 in. die plate; Model 8-12, Biro Manufacturing Company, Marblehead, OH). 
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Stuffing  

 Inoculated and SalmoFresh™ treated, ground breast trim was stuffed (10 lb capacity 

stainless steel mixer, Lem brand, Harrison, OH) into pre-clipped plastic chub casings.  Target 

chub weight was 1 lb.  Stuffed chubs were closed using cable ties and were held at 4°C until 

microbiological analysis.  

 

Proximate Analyses    

 Proximate analyses for moisture, fat, and protein of the un-inoculated, non- 

SalmoFresh™-treated breast trim was determined by methods approved and described by AOAC 

International.  Moisture, fat, and protein were determined by an NIR method (AOAC 2007.04).   

Microbiological Analyses 

 Pre-SalmoFresh™ Application 

 Immediately after Salmonella inoculation, triplicate, 11 g samples were serially diluted 

(1:10) with 99 mL of Butterfield’s buffer (3M, St. Paul, MN).  Each (1:10) dilution was spread-

plated onto XLT4 agar (Becton-Dickinson & Co., Sparks, MD) incubated at 37°C for 24 ± 2 hrs, 

and enumerated thereafter.  

 Post-SalmoFresh™ Application  

 Treated chubs were tested at 24 and 96 hrs post-SalmoFresh™ application for Salmonella.  

For each time period, 3 chubs were aseptically opened and 3 portions (ca. 3.7 g each) from each 

end and middle of each of the chubs (11 g total per chub), were first serially diluted (1:10) with 

99 mL of Butterfield’s buffer (10-1) and then with 9 mL Butterfield’s buffer (3M, St. Paul, MN), 

thereafter.  Each (1:10) dilution was spread-plated onto XLT4 agar (Becton-Dickinson & Co., 

Sparks, MD) incubated at 37°C for 24 ± 2 hrs, and enumerated thereafter.  
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Statistical Analysis 

 Statistical analysis was performed using version 3.1a of GraphPad InStat for Macintosh 

and version 5.0d GraphPad Prism for Macintosh (GraphPad Software; San Diego, CA; 

(www.graphpad.com) 

 

Results 

 The results of this study indicate that a 1:10 (0.5mL/lb) SalmoFresh™ solution containing 

ca. 1x109 PFU/mL applied to inoculated turkey breast trim prior to grinding and after 24 hours of 

refrigerated storage, reduced Salmonella levels 0.59 log10 CFU/g and 0.67 log10 CFU/g after 96 

hrs (Table 1).     

Applying ca. 1x109 PFU/mL SalmoFresh™ to turkey breast trim at the rate of 0.5 mL per 

lb of turkey reduced the number of viable Salmonella by ca. 74% after ca. 24 h of incubation at 

refrigerated temperature (ca. 4ºC).  The observed reduction was statistically significant  

(P < 0.05).  Applying ca. 1x109 PFU/mL SalmoFresh™ to turkey breast trim at the rate of 0.5 mL 

per lb of turkey reduced the number of viable Salmonella by ca. 79% after ca. 96 h of incubation 

at refrigerated temperature (ca. 4ºC).  The observed reduction was statistically significant (P < 

0.05).  The difference in Salmonella recovery between SalmoFresh™ treated samples at 24 h and 

96 h were not significant (P > 0.05). 
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Conclusion 

 This data indicates that when SalmoFresh™ is applied to turkey breast trim pieces prior to 

grinding, it is able to effectively reduce Salmonella spp. 0.67 log10 CFU/g up to 96 hrs post-

application, when stored at 4°C.   

 At the application and storage conditions used during this study, SalmoFresh™ 

significantly (by 74% and 79%) reduced Salmonella contamination in turkey breast trim samples 

stored for 24 h and 96 h, respectively, when applied at the rate of 0.5 mL SalmoFresh™ (ca. 

1x109 PFU/mL) per lb of turkey meat.  Reduction in Salmonella levels at 24 h and 96 h was 

similar (differences not statistically significant (P > 0.05).) 

Treatment with SalmoFresh™ can significantly reduce Salmonella levels in turkey breast 

trim samples by  74%, but it does not provide continued technical effect (i.e., effect is limited to 

the initial reduction and does not improve during storage). 
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Figure 1 Reduction of Salmonella levels in turkey breast trim samples treated with a 1:10 
SalmoFresh™ at an application volume of 0.5 mL/lb of product during storage at 4°C.  
Note: Chart was constructed using raw data 
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 Study # SS11L19ML 
 

1 STUDY TITLE 

Evaluation of the ability of SalmoFresh™ to reduce Salmonella contamination in experimentally 
contaminated turkey trim when applied at the rate of 4.0 mL per lb of poultry prior to grinding. 

2 STUDY DIRECTOR 

Alexander Sulakvelidze, Ph.D. 

3 STUDY PERSONNEL 

Name: Title: Role: 

Alexander Sulakvelidze, Ph.D Chief Scientist Study Director 

Manrong Li, M.S. Research Scientist Hands-on-research 

 

4 PERFORMING LABORATORY 

Intralytix, Inc. 
Research and Development 
The Columbus Center 
701 E. Pratt St. 
Baltimore, MD 21202 

 

5 STUDY OBJECTIVE 

To determine whether application of SalmoFresh™ reduces the number of viable Salmonella in 
ground turkey when applied at the rate of 4mL per lb of poultry prior to grinding. 

6 TEST MATRIX 

A sample of turkey trim was obtained from .  It was not washed or pre-treated prior to 
our studies. 

7 SALMOFRESH  LOT AND APPLICATION RATE 

SalmoFresh™ Lot #02TestSample 

Titer: approx. 1x109 PFU/mL 

SalmoFresh™ was applied using Basic Spray Gun Model #250-2 (Badger Air-Brush Co., 
Franklin Park, IL). 

The application rate was ca. 4mL SalmoFresh™ per 1 pound of poultry. 
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8 BACTERIAL STRAINS USED TO EXPERIMENTALLY CONTAMINATE POULTRY 

The poultry test matrix was experimentally contaminated with a single Salmonella strains: 
S.He902: A nalidixic acid resistant mutant developed from S.He899 (also known as 
ATCC8326, Salmonella enterica serotype Heidelberg.) 

The strain was selected for nalidixic acid resistance by serially passaging the original isolate on 
LB agar plates supplemented with increasing concentrations of nalidixic acid.  The strain 
underwent 8 serial passages before it was determined to be nalidixic acid-resistant at a 
concentration of 25 μg/ml.  After the passaging, the above-noted Intralytix strain designation 
was assigned (i.e., S.He902).  The strain was stored at –80°C, at Intralytix, in 70% LB 
broth/30% glycerol supplemented with 25 μg of nalidixic acid/ml. 
 
Shortly before performing the study, the strain was thawed and grown (37 ± 2°C, 24-48 h) in 
NZCYM broth supplemented with nalidixic acid (25 μg/ml) until the culture reached an OD600 of 
ca. 1.5, which corresponds to ca. 1 x 109 CFU/mL.  The bacterial culture was diluted 1000-fold 
just prior to performing the study. 
 
The turkey was experimentally contaminated by ca. 1,250 CFU of the above-defined Salmonella 
culture / g of turkey trim. 

9 MEDIA AND REAGENTS 

LB (Neogen, Lansing, MI; catalog # 7279) 

Nalidixic acid (Acros Organics, Fair Lawn, NJ; catalog # AC16990-1000) 

Peptone water (Becton, Dickinson and Co., Sparks, MD; cat #218105) 

Salmonella/Shigella Agar (SSA) (Becton, Dickinson and Co., Sparks, MD; cat #274500) 

10 GENERAL OUTLINE OF STUDY 

1) The challenge dose of bacteria was applied onto the matrix samples’ surfaces.  Bacterial 
cultures were evenly spread onto all sides of the poultry sample surfaces using hockey 
sticks.  One sample was not treated with bacterial cultures as the uncontaminated, 
untreated control. 

2) The bacteria were allowed to colonize the matrix samples’ surfaces at room temperature 
(RT) for 60 min. 

3) Water (control) or SalmoFresh™ was applied as described in section 7.  Poultry samples 
were rotated and all sides of the samples were sprayed, to ensure reasonably even 
coverage of the entire surface. 

4) The samples were covered and incubated at room temperature for ca. 5 minutes. 

5) At 5 minutes post-treatment with water or SalmoFresh™, all samples (including 
uncontaminated, untreated control) were ground using a #10 meat grinder (Kitchener 
#508313).   

6) Each sample was covered and stored at 4°C for 24±2 hr. 
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7) At 24 hr, from each sample group, triplicate ~25g samples of ground meat were 
removed, placed into sterile bags, and 225 mL of sterile peptone water was added.  
The bags were hand mushed briefly and stomached for a minimum of 30 seconds. 

8) The number of viable Salmonella in the samples was determined by plating aliquots (0.1 
mL and 0.3 mL) of the stomached meat/peptone water mixture onto separate SSA 
plates supplemented with nalidixic acid (25 mg/mL).  The plates were incubated (35 ± 
2°C, 24±2 hr), and the CFU/g of sample were calculated after counting the colonies, as 
follows: 

 
 Total CFU/g of treated poultry = CFU / ml plated x ml peptone water / g sample 

analyzed 
 

9) All of the remaining samples (from step 7)) were re-contaminated as described in step 
1). 

10) Each sample was covered and stored at 4°C for 24±2 hr. 

11) At 24 hr, from each sample group, triplicate ~25g samples of ground meat were 
removed, placed into sterile bags, and 225 mL of sterile peptone water was added.  
The bags were hand mushed briefly and stomached for a minimum of 30 seconds. 

12) The number of viable Salmonella in the samples was determined by plating aliquots (0.1 
mL and 0.3 mL) of the stomached meat/peptone water mixture onto separate SSA 
plates supplemented with nalidixic acid (25 mg/mL).  The plates were incubated (35 ± 
2°C, 24±2 hr), and the CFU/g of sample were calculated after counting the colonies, as 
follows: 

 
 Total CFU/g of treated poultry = CFU / 0.3 mL plated x 225 ml peptone water / 25 

g sample analyzed 
 
Counts from 0.3 mL plating were used during all analyses, because they provided most 
robust, countable numbers (i.e., more than 10 whenever possible but less than 100 
colonies per plate) 

11 RESULTS 

11.1 Raw Data 

Table 1 Raw Data for Study #SS11L19ML 
   Treatment Recontamination 

Sample Bacteria Treatment 
25g  

replicate 
samples 

CFU in 0.3 ml CFU/g Bacteria CFU in 0.3 ml CFU/g 

A Yes SalmoFresh™ 3 3; 8; 7 90; 240; 210 Yes 23; 19; 27 690; 570; 810 

B Yes Water 3 20; 22; 21 600; 660; 630 Yes 85; 79; 45 2550; 2370; 1350

C No None 3 0; 0; 0 0; 0; 0 Yes 26; 40; 65 780; 1200; 1950
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11.2 Tabular presentation of results 

Table 2 Reduction of Salmonella counts in ground turkey treated with ca. 1x109 PFU/mL 
SalmoFresh  when applied at the rate of 4mL per lb of poultry prior to grinding. 

Challenged 
with 

Salmonella 
Treatment Replicates Mean CFU/g 

Percent 
reduction vs. 

water 
Significant? 

Yes 1x109 PFU/mL 
SalmoFresh™ n =3 180 71% Yes 

Yes Water n =3 630   

 

Table 3 Effect of original treatments upon recovery of Salmonella applied 24 hours post-
treatment (re-contamination.) 

Original 
Treatment 

Initial Mean 
CFU/g 

Challenged 
with additional 

Salmonella 
Replicates Mean CFU/g Significant? 

1x109 PFU/mL 
SalmoFresh™ 180 Yes n =3 690 No 

Untreated 0 Yes n =3 1310  

 

11.3 Graphical presentation of efficacy of results 

 
Figure 1 Reduction of Salmonella counts in ground turkey treated with ca. 1x109 PFU/mL 
SalmoFresh  when applied at the rate of 4mL per lb of poultry prior to grinding. (mean 
and standard error) 
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Figure 2 Recovery of Salmonella from SalmoFresh -treated and untreated turkey meat 

samples after recontamination (mean and standard error) 
 
 

11.4 Statistical analysis 

 
Statistical analysis was performed using version 3.1a of GraphPad InStat for Macintosh and 
version 5.0d GraphPad Prism for Macintosh (GraphPad Software; San Diego, CA; 
www.graphpad.com) 
 
The efficacy of the SalmoFresh™ treatment in reducing the number of viable Salmonella in the 
experimentally contaminated ground turkey samples was evaluated by comparing the data 
obtained with the water-treated control samples and the SalmoFresh™-treated samples (Figure 
1).  Statistical analysis employed: unpaired t test.  
 

Unpaired t test  
Do the means of SalmoFresh™ and Water differ significantly? 

P value 
  The two-tailed P value is 0.0008, considered extremely significant. 

 

The impact of recontamination on the efficacy of SalmoFresh™ (i.e., whether or not original 
SalmoFresh™ treatment provided residual technical effect / continued protection against 
recontamination with Salmonella) was evaluated by re-contaminating samples with Salmonella, 
and comparing CFU/g data between (i) SalmoFresh™-treated turkey samples (re-
contaminated), and (ii) untreated turkey samples contaminated with the same challenge dose of 
Salmonella (Figure 2).  Statistical analysis employed: unpaired t test.  
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Unpaired t test                          
Do the means of SalmoFresh (re-contaminated) and No treatment (re-contaminated) differ 
significantly? 
 

The two-tailed P value is 0.1504, considered not significant. 

 

11.5 Brief discussion of results and study�s conclusions 

- Applying 1x109 PFU/mL SalmoFresh™ to turkey trim prior to grinding – at the rate of 
4.0 mL per lb of poultry - reduced the number of viable Salmonella by ca. 71% after 
ca. 24 hours of incubation at 4°C.  The observed reduction was statistically 
significant (P = < 0.05). 

- When SalmoFresh™- treated turkey samples were re-contaminated with Salmonella, 
and the same dose of Salmonella was applied onto uncontaminated and untreated 
turkey meat, the difference in Salmonella recovery was ca. 47% between the two 
groups, respectively.  The difference was statistically not significant (P = > 0.05).  
Thus, SalmoFresh™-treatment did not significantly protect the ground turkey meat 
from subsequent recontamination with Salmonella (i.e., SalmoFresh™ provided no 
continued technical effect). 

 

12 SUMMARY CONCLUSION OF THE STUDY 

 
SalmoFresh™ significantly reduced Salmonella levels in turkey trim samples by ca. 71% when it 
was applied to the experimentally contaminated meat before grinding.  However, SalmoFresh™ 
treatment did not have a residual protective effect in the ground meat; i.e., it did not significantly 
protect the ground turkey meat from subsequent recontamination with Salmonella. 
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1 STUDY TITLE 

Evaluation of the ability of SalmoFresh™ to reduce Salmonella contamination in experimentally 
contaminated chicken breast when applied at the rate of 4.0 mL per lb of poultry prior to 
grinding. 

2 STUDY DIRECTOR 

Alexander Sulakvelidze, Ph.D. 

3 STUDY PERSONNEL 

Name: Title: Role: 

Alexander Sulakvelidze, Ph.D Chief Scientist Study Director 

Manrong Li, M.S. Research Scientist Hands-on-research 

 

4 PERFORMING LABORATORY 

Intralytix, Inc. 
Research and Development 
The Columbus Center 
701 E. Pratt St. 
Baltimore, MD 21202 

 

5 STUDY OBJECTIVE 

To determine whether application of SalmoFresh™ reduces the number of viable Salmonella in 
ground chicken when applied at the rate of 4mL per lb of poultry prior to grinding. 

6 TEST MATRIX 

A sample of chicken breast was purchased at a Baltimore area supermarket.  It was not washed 
or pre-treated prior to our studies. 

7 SALMOFRESH  LOT AND APPLICATION RATE 

SalmoFresh™ Lot #02TestSample 

Titer: approx. 1x109 PFU/mL 

SalmoFresh™ was applied using Basic Spray Gun Model #250-2 (Badger Air-Brush Co., 
Franklin Park, IL). 

The application rate was ca. 4mL SalmoFresh™ per 1 pound of poultry. 
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8 BACTERIAL STRAINS USED TO EXPERIMENTALLY CONTAMINATE POULTRY 

The poultry test matrix was experimentally contaminated with a single Salmonella strains: 
S.E900: A nalidixic acid resistant mutant developed from S.E660 (also known as 
ATCC13076, Salmonella enterica serotype Enteritidis.)  

S.Ty901: A nalidixic acid resistant mutant developed from S.Ty653 (also known as 
ATCC6539, Salmonella enterica serotype Typhi.) 

S.He902: A nalidixic acid resistant mutant developed from S.He899 (also known as 
ATCC8326, Salmonella enterica serotype Heidelberg.) 

The strains were selected for nalidixic acid resistance by serially passaging the original isolates 
on LB agar plates supplemented with increasing concentrations of nalidixic acid.  Each strain 
underwent 8 serial passages before it was determined to be nalidixic acid-resistant at a 
concentration of 25 μg/ml.  After the passaging, the above-noted Intralytix strain designations 
were assigned (i.e., S.E900, S.Ty901, and S.He902).  The strains were stored at –80°C, at 
Intralytix, in 70% LB broth/30% glycerol supplemented with 25 μg of nalidixic acid/ml. 
 
Shortly before performing the study, the three strains were thawed and grown (37 ± 2°C, 24-48 
h) in LB broth supplemented with nalidixic acid (25 μg/ml) until the cultures reached an OD600 of 
ca. 1.5, which corresponds to ca. 1 x 109 CFU/mL.  Equal volumes of three bacterial cultures 
were mixed and the mixture diluted 1000-fold just prior to performing the study. 
 
The chicken was experimentally contaminated by ca. 750 CFU of the above-defined Salmonella 
culture / g of chicken breast. 

9 MEDIA AND REAGENTS 

LB (Neogen, Lansing, MI; catalog # 7279) 

Nalidixic acid (Acros Organics, Fair Lawn, NJ; catalog # AC16990-1000) 

Peptone water (Becton, Dickinson and Co., Sparks, MD; cat #218105) 

Salmonella/Shigella Agar (SSA) (Becton, Dickinson and Co., Sparks, MD; cat #274500) 

10 GENERAL OUTLINE OF STUDY 

1) The challenge dose of bacteria was applied onto the matrix samples’ surfaces.  Bacterial 
cultures were evenly spread onto all sides of the poultry sample surfaces using hockey 
sticks.  One sample was not treated with bacterial cultures as the uncontaminated, 
untreated control. 

2) The bacteria were allowed to colonize the matrix samples’ surfaces at room temperature 
(RT) for 60 min. 

3) Water (control) or SalmoFresh™ was applied as described in section 7.  Poultry samples 
were rotated and all sides of the samples were sprayed, to ensure reasonably even 
coverage of the entire surface. 

4) The samples were covered and incubated at room temperature for ca. 5 minutes. 
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5) At 5 minutes post-treatment with water or SalmoFresh™, all samples (including 
uncontaminated, untreated control) were ground using a #10 meat grinder (Kitchener 
#508313).   

6) Each sample was covered and stored at 4°C for 24±2 hr. 

7) At 24 hr, from each sample group, triplicate ~25g samples of ground meat were 
removed, placed into sterile bags, and 225 mL of sterile peptone water was added.  
The bags were hand mushed briefly and stomached for a minimum of 30 seconds. 

8) The number of viable Salmonella in the samples was determined by plating aliquots (0.1 
mL and 0.3 mL) of the stomached meat/peptone water mixture onto separate SSA 
plates supplemented with nalidixic acid (25 mg/mL).  The plates were incubated (35 ± 
2°C, 24±2 hr), and the CFU/g of sample were calculated after counting the colonies, as 
follows: 

 
 Total CFU/g of treated poultry = CFU / ml plated x ml peptone water / g sample 

analyzed 
 

9) All of the remaining samples (from step 7)) were recontaminated as described in step 1). 

10) Each sample was covered and stored at 4°C for 24±2 hr. 

11) At 24 hr, from each sample group, triplicate ~25g samples of ground meat were 
removed, placed into sterile bags, and 225 mL of sterile peptone water was added.  
The bags were hand mushed briefly and stomached for a minimum of 30 seconds. 

12) The number of viable Salmonella in the samples was determined by plating aliquots (0.1 
mL and 0.3 mL) of the stomached meat/peptone water mixture onto separate SSA 
plates supplemented with nalidixic acid (25 mg/mL).  The plates were incubated (35 ± 
2°C, 24±2 hr), and the CFU/g of sample were calculated after counting the colonies, as 
follows: 

 
 Total CFU/g of treated poultry = CFU / ml plated x ml peptone water / g sample 

analyzed 

11 RESULTS 

11.1 Raw Data 

Table 1 Raw Data for Study #SS11L26ML 
   Treatment Recontamination 

Sample Bacteria Treatment 
25g  

replicate 
samples 

CFU in 0.3 ml CFU/g Bacteria CFU in 0.3 ml CFU/g 

A Yes SalmoFresh™ 3 3; 3; 8 90; 90; 240 Yes 18; 24; 28 540; 720; 840 

B Yes Water 3 17; 12; 16 510; 360; 480 Yes 34; 31; 32 1020; 930; 960 

C No None 3 0; 0; 0 0; 0; 0 Yes 29; 28; 18 870; 840; 540 
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11.2 Tabular presentation of results 

Table 2 Reduction of Salmonella counts in ground chicken treated with ca. 1x109 PFU/mL 
SalmoFresh  when applied at the rate of 4mL per lb of poultry prior to grinding. 

Challenged 
with 

Salmonella 
Treatment Replicates Mean CFU/g 

Percent 
reduction vs. 

water 
Significant? 

Yes 1x109 PFU/mL 
SalmoFresh™ n =3 140 69% Yes 

Yes Water n =3 450   

 

Table 3 Effect of original treatments upon recovery of Salmonella applied 24 hours post-
treatment. 

Original 
Treatment 

Initial Mean 
CFU/g 

Challenged 
with additional 

Salmonella 
Replicates Mean CFU/g Significant? 

1x109 PFU/mL 
SalmoFresh™ 140 Yes n =3 700 No 

Water 450 Yes n =3 970 No 

Untreated 0 Yes n =3 750  

 

11.3 Graphical presentation of efficacy of results 

 
Figure 1 Reduction of Salmonella counts in ground chicken treated with ca. 1x109 

PFU/mL SalmoFresh  when applied at the rate of 4mL per lb of poultry prior to grinding 
(mean and standard error.) 
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Figure 2 Recovery of Salmonella from SalmoFresh -treated and untreated chicken meat 

samples after recontamination (mean and standard error.) 
 

11.4 Statistical analysis 

 
Statistical analysis was performed using version 3.1a of GraphPad InStat for Macintosh and 
version 5.0d GraphPad Prism for Macintosh (GraphPad Software; San Diego, CA; 
www.graphpad.com) 
 
The efficacy of the SalmoFresh™ treatment in reducing the number of viable Salmonella in the 
experimentally contaminated ground chicken samples was evaluated by comparing the data 
obtained with the water-treated control samples and the SalmoFresh™-treated samples (Figure 
1).  Statistical analysis employed: unpaired t test.  
 

Unpaired t test  
Do the means of SalmoFresh™ and Water differ significantly? 

P value 
The two-tailed P value is 0.0103, considered significant. 

 

The impact of recontamination on the efficacy of SalmoFresh™ (i.e., whether or not original 
SalmoFresh™ treatment provided residual technical effect / continued protection against 
recontamination with Salmonella) was evaluated by re-contaminating samples with Salmonella, 
and comparing CFU/g data between (i) SalmoFresh™-treated chicken samples (re-
contaminated), and (ii) untreated chicken samples contaminated with the same challenge dose 
of Salmonella (Figure 2).  Statistical analysis employed: unpaired t test.  
 

Page 7 of 8 



 Study # SS11L26ML 
 

Unpaired t test  
Do the means of SalmoFresh (re-contaminated) and Untreated (re-contaminated) differ 
significantly? 
 

The two-tailed P value is 0.7332, considered not significant. 

 

11.5 Brief discussion of results and study�s conclusions 

- Applying 1x109 PFU/mL SalmoFresh™ to chicken breast prior to grinding – at the rate of 
4.0 mL per lb of poultry - reduced the number of viable Salmonella by ca. 69% after ca. 
24 hours of incubation at 4°C.  The observed reduction was statistically significant. 

- When SalmoFresh™- treated chicken samples were re-contaminated with Salmonella, 
and the same dose of Salmonella was applied onto uncontaminated and untreated 
chicken meat, the difference in Salmonella recovery was ca. 6.7% between the two 
groups, respectively. The difference was statistically not significant (P = > 0.05). Thus, 
SalmoFresh™-treatment did not significantly protect the ground chicken meat from 
subsequent recontamination with Salmonella (i.e., SalmoFresh™ provided no 
continued technical effect).  

12 SUMMARY CONCLUSION OF THE STUDY 

SalmoFresh™ significantly reduced Salmonella levels in chicken trim samples by ca. 69% when 
it was applied to the experimentally contaminated meat before grinding. However, 
SalmoFresh™ treatment did not have a residual protective effect in the ground meat; i.e., it did 
not significantly protect the ground chicken meat from subsequent recontamination with 
Salmonella. 
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1 STUDY TITLE 

Evaluation of the ability of SalmoFresh™ to reduce Salmonella contamination in experimentally 
contaminated cantaloupe 

2 STUDY DIRECTOR 

Alexander Sulakvelidze, Ph.D. 

3 STUDY PERSONNEL 

Name: Title: Role: 

Alexander Sulakvelidze, Ph.D. Chief Scientist Study Director 

Manrong Li, MD Sr. Research Scientist Hands-on-research 

4 PERFORMING LABORATORY 

Intralytix, Inc. 

Research and Development 

The Columbus Center 

701 E. Pratt St. 

Baltimore, MD 21202 

5 STUDY OBJECTIVE 

To determine whether application of SalmoFresh™ reduces the number of viable Salmonella on 
cantaloupe when applied at the rate of 4mL per lb or 2mL per lb. 
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6 TEST MATRIX 

Pre-cut cantaloupe chunks were obtained from a local Baltimore supermarket.  They were not 
washed or pre-treated prior to our studies. 

7 SALMOFRESH  LOT AND APPLICATION RATE 

SalmoFresh™ Lot# 0211C150168 

Titer: approx. 1x109 PFU/mL 

SalmoFresh™ was applied using Basic Spray Gun Model #250 (Badger Air-Brush Co., 
Franklin Park, IL). 

The application rate was ca. 4mL SalmoFresh™ per lb or 2mL SalmoFresh™ per lb 
cantaloupe. 

8 SALMONELLA STRAINS USED TO EXPERIMENTALLY CONTAMINATE 
CANTALOUPE 

The cantaloupe test matrix was experimentally contaminated with Salmonella strains: 

S.E900: A nalidixic acid resistant mutant developed from S.E660 (also known as 
ATCC13076, Salmonella enterica serotype Enteritidis.)  

S.Ty901: A nalidixic acid resistant mutant developed from S.Ty653 (also known as 
ATCC6539, Salmonella enterica serotype Typhi.) 

S.He902: A nalidixic acid resistant mutant developed from S.He899 (also known as 
ATCC8326, Salmonella enterica serotype Heidelberg.) 

The strains were selected for nalidixic acid resistance by serially passaging the original isolates 
on LB agar plates supplemented with increasing concentrations of nalidixic acid.  The strains 
underwent 8 serial passages before they were determined to be nalidixic acid-resistant at a 
concentration of 25 μg/ml.  After the passaging, the above-noted Intralytix strain designations 
were assigned (i.e., S.E900, S.Ty901, S.He902).  The strains were stored at –80°C, at Intralytix, 
in 70% LB broth/30% glycerol supplemented with 25 μg of nalidixic acid/ml. 

Shortly before performing the study, the strains were thawed and grown (37 ± 2°C, 16-24 h) in 
LB broth supplemented with nalidixic acid (25 μg/ml.)  Overnight growth corresponds to ca. 
4x108 CFU/mL.  The cultures were mixed in equal parts and the mixture was diluted 1000-fold 
just prior to performing the study. 

The cantaloupe were experimentally contaminated by ca. 2000 CFU of the above-defined 1:1:1 
mixture of three Salmonella strains / g of cantaloupe. 
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9 MEDIA AND REAGENTS 

LB (Neogen, Lansing, MI; catalog # 7279) 

Nalidixic acid (Acros Organics, Fair Lawn, NJ; catalog # AC16990-1000) 

Peptone water (Becton, Dickinson and Co., Sparks, MD; cat #218105) 

Hektoen-Enteric Agar (HE) (BD, Franklin Lakes, NJ; cat # 285340) 

10 GENERAL OUTLINE OF STUDY 

1) The cantaloupe was divided into three treatment groups, each weighing approximately 
100g. 

2) The challenge dose of Salmonella was applied onto the matrix samples’ cut surfaces.  
Salmonella cultures were evenly spread onto all cut sides of the cantaloupe sample 
surfaces using hockey sticks.  One sample was not treated with Salmonella cultures as 
the uncontaminated, untreated control. 

3) The samples were covered loosely and the Salmonella were allowed to colonize the 
matrix samples’ surfaces at room temperature (RT) for 60 min. 

4) Water (control) or SalmoFresh™ was applied as described in section 7.  Samples in 
Group A were treated with 1x109 PFU/mL SalmoFresh™ at 4mL / lb, samples in Group 
B were treated with 1x109 PFU/mL SalmoFresh™ at 2mL / lb, and samples in Group C 
were treated with water at 4mL / lb.  Treatments were evenly applied to the cantaloupe 
samples cut surfaces. 

5) The samples were covered and incubated at room temperature for ca. 5 minutes. 

6) At 5 minutes post-treatment with water or SalmoFresh™, from each sample group, 
triplicate ~25g samples of cantaloupe were removed, placed into sterile bags, and 225 
mL of sterile peptone water was added.  The bags were hand mushed briefly and 
stomached for a minimum of 30 seconds. 

7) The number of viable Salmonella in the samples was determined by plating aliquots (0.1 
mL and 0.5 mL) of the stomached cantaloupe/peptone water mixture onto separate HE 
plates supplemented with nalidixic acid (25 μg/mL).  The plates were incubated (35 ± 
2°C, 24±2 hr), and the CFU/g of sample were calculated after counting the colonies, as 
follows: 

Total CFU CFU 225 mL peptone 

g of treated cantaloupe 
= 

0.5mL plating 
x 

25 g sample 

Counts from 0.5 mL plating were used during the analysis, because they provided most robust, countable 
numbers (i.e., more than 10 whenever possible but less than 100 colonies per plate). 
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11 RESULTS 

11.1 Raw Data 

Table 1 Raw Data for Study #SF12G16ML1 

Group Weight (g) Salmonella Treatment 25g  
Samples CFU in 0.5 mL CFU/g 

A (Test) 100 Yes SalmoFresh 
4mL / lb 3 8, 10, 8 144, 180, 144 

B (Test) 100 Yes SalmoFresh 
2mL / lb 3 21, 14, 15 378, 252, 270 

C (Control) 100 Yes Water         
4mL / lb 3 98, 86, 61 1764, 1548, 1098 

11.2 Tabular presentation of results 

Table 2 Reduction of Salmonella counts on cantaloupe treated with ca. 1 x109 PFU/mL 
SalmoFresh  when applied at 4mL per lb and 2mL per lb 

Group 
Challenged 

with 
Salmonella 

Treatment Replicates Mean CFU/g 
Percent 

reduction vs. 
water 

Significant? 

A (Test) Yes SalmoFresh 
4mL / lb 

n =3 156 89% Yes 

B (Test) Yes SalmoFresh 
2mL / lb 

n = 3 300 80% Yes 

C (Control) Yes Water        
4mL / lb 

n = 3 1470 -  
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11.3 Graphical presentation of results 

Chart constructed using raw data (mean with SEM) 
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Chart constructed using log-transformed data 

SF12G16ML1: log transformed data
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11.4 Statistical analysis 

The efficacy of the SalmoFresh treatment in reducing the number of viable 
Salmonella in the experimentally contaminated cantaloupe was evaluated by 
comparing the data obtained with the water-treated control samples and the 
SalmoFresh-treated samples. 

Statistical analysis was performed using version 3.05 of GraphPad InStat and 
version 4.0 of GraphPad Prism (GraphPad Software, San Diego, CA; 
www.graphpad.com) 

One-way Analysis of Variance (ANOVA) 

The P value is 0.0004, considered extremely significant.  Variation among column 
means is significantly greater than expected by chance. 

Comparison Mean 
Difference 

q P value  

SalmoFresh 4mL / lb vs 
SalmoFresh 2mL / lb 

-144.00 1.244 ns  P>0.05 

SalmoFresh 4mL / lb vs Water -1314.0 11.355 *** P<0.001 

SalmoFresh 2mL / lb vs Water -1170.0 10.110 *** P<0.001 

11.5 Brief discussion of results and study�s conclusions 

- Applying ca. 1x109 PFU/mL SalmoFresh at 4mL / lb cantaloupe reduced the 
number of viable Salmonella by ca. 89% after 5 minutes of incubation at RT.  The 
observed reduction was statistically significant (P<0.001.) 

- Applying ca. 1x109 PFU/mL SalmoFresh at 2mL / lb cantaloupe reduced the 
number of viable Salmonella by ca. 80% after 5 minutes of incubation at RT.  The 
observed reduction was statistically significant (P<0.001.) 

- The difference in Salmonella recovery between samples treated with SalmoFresh 
at 4mL / lb vs. SalmoFresh at 2mL / lb were not statistically significant. 

12 SUMMARY CONCLUSION OF THE STUDY 

- SalmoFresh ™ can significantly reduce viable Salmonella levels in experimentally 
contaminated cantaloupe by ca. 80-89% in 5 minute contact time, when 1x109 
PFU/mL SalmoFresh is used at 2mL / lb - 4mL / lb. 
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- Using a lower SalmoFresh ™ application rate (2mL / lb) vs. a higher SalmoFresh ™ 
application rate (4mL / lb) does not significantly affect the efficacy. 

13 SIGNATURES 

___  

Manrong Li 

Research Scientist 

 

 

______ 

Alexander Sulakvelidze, Ph.D.      

Study Director 
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1 STUDY TITLE 

Evaluation of the ability of SalmoFresh™ to reduce Salmonella contamination in experimentally 
contaminated raw tuna 

2 STUDY DIRECTOR 

Alexander Sulakvelidze, Ph.D. 

3 STUDY PERSONNEL 

Name: Title: Role: 

Alexander Sulakvelidze, Ph.D. Chief Scientist Study Director 

Manrong Li, MD Sr. Research Scientist Hands-on-research 

4 PERFORMING LABORATORY 

Intralytix, Inc. 

Research and Development 

The Columbus Center 

701 E. Pratt St. 

Baltimore, MD 21202 

5 STUDY OBJECTIVE 

To determine whether application of SalmoFresh™ reduces the number of viable Salmonella on 
raw tuna when applied at the rate of 4mL per lb or 2mL per lb. 
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6 TEST MATRIX 

Raw, sushi-grade tuna was obtained from a local Baltimore supermarket.  It was not washed or 
pre-treated prior to our studies. 

7 SALMOFRESH  LOT AND APPLICATION RATE 

SalmoFresh™ Lot# 0211C150168 

Titer: approx. 1x109 PFU/mL 

SalmoFresh™ was applied using Basic Spray Gun Model #250 (Badger Air-Brush Co., 
Franklin Park, IL). 

The application rate was ca. 4mL SalmoFresh™ per lb or 2mL SalmoFresh™ per lb 
tuna. 

8 SALMONELLA STRAINS USED TO EXPERIMENTALLY CONTAMINATE TUNA 

The tuna test matrix was experimentally contaminated with Salmonella strains: 

S.E900: A nalidixic acid resistant mutant developed from S.E660 (also known as 
ATCC13076, Salmonella enterica serotype Enteritidis.)  

S.Ty901: A nalidixic acid resistant mutant developed from S.Ty653 (also known as 
ATCC6539, Salmonella enterica serotype Typhi.) 

S.He902: A nalidixic acid resistant mutant developed from S.He899 (also known as 
ATCC8326, Salmonella enterica serotype Heidelberg.) 

The strains were selected for nalidixic acid resistance by serially passaging the original isolates 
on LB agar plates supplemented with increasing concentrations of nalidixic acid.  The strains 
underwent 8 serial passages before they were determined to be nalidixic acid-resistant at a 
concentration of 25 μg/ml.  After the passaging, the above-noted Intralytix strain designations 
were assigned (i.e., S.E900, S.Ty901, S.He902).  The strains were stored at –80°C, at Intralytix, 
in 70% LB broth/30% glycerol supplemented with 25 μg of nalidixic acid/ml. 

Shortly before performing the study, the strains were thawed and grown (37 ± 2°C, 16-24 h) in 
LB broth supplemented with nalidixic acid (25 μg/ml.)  Overnight growth corresponds to ca. 
4x108 CFU/mL.  The cultures were mixed in equal parts and the mixture was diluted 1000-fold 
just prior to performing the study. 

The tuna were experimentally contaminated by ca. 2000 CFU of the above-defined 1:1:1 
mixture of three Salmonella strains / g of tuna. 
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9 MEDIA AND REAGENTS 

LB (Neogen, Lansing, MI; catalog # 7279) 

Nalidixic acid (Acros Organics, Fair Lawn, NJ; catalog # AC16990-1000) 

Peptone water (Becton, Dickinson and Co., Sparks, MD; cat #218105) 

Hektoen-Enteric Agar (HE) (BD, Franklin Lakes, NJ; cat # 285340) 

10 GENERAL OUTLINE OF STUDY 

1) The tuna was divided into three treatment groups, each weighing approximately 100g. 

2) The challenge dose of Salmonella was applied onto the matrix samples’ surfaces.  
Salmonella cultures were evenly spread onto all sides of the tuna sample surfaces 
using hockey sticks.  One sample was not treated with Salmonella cultures as the 
uncontaminated, untreated control. 

3) The samples were covered loosely and the Salmonella were allowed to colonize the 
matrix samples’ surfaces at room temperature (RT) for 60 min. 

4) Water (control) or SalmoFresh™ was applied as described in section 7.  Samples in 
Group A were treated with 1x109 PFU/mL SalmoFresh™ at 4mL / lb, samples in Group 
B were treated with 1x109 PFU/mL SalmoFresh™ at 2mL / lb, and samples in Group C 
were treated with water at 4mL / lb.  Treatments were evenly applied to the tuna 
samples’ surfaces. 

5) The samples were covered and incubated at room temperature for ca. 5 minutes. 

6) At 5 minutes post-treatment with water or SalmoFresh™, from each sample group, 
triplicate ~25g samples of tuna were removed, placed into sterile bags, and 225 mL of 
sterile peptone water was added.  The bags were hand mushed briefly and stomached 
for a minimum of 30 seconds. 

7) The number of viable Salmonella in the samples was determined by plating aliquots (0.1 
mL and 0.5 mL) of the stomached tuna/peptone water mixture onto separate HE plates 
supplemented with nalidixic acid (25 μg/mL).  The plates were incubated (35 ± 2°C, 
24±2 hr), and the CFU/g of sample were calculated after counting the colonies, as 
follows: 

Total CFU CFU 225 mL peptone 

g of treated tuna 
= 

0.5mL plating 
x 

25 g sample 

Counts from 0.5 mL plating were used during the analysis, because they provided most robust, countable 
numbers (i.e., more than 10 whenever possible but less than 100 colonies per plate). 
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11 RESULTS 

11.1 Raw Data 

Table 1 Raw Data for Study #SF12G16ML2 

Group Weight (g) Salmonella Treatment 25g  
Samples CFU in 0.5 mL CFU/g 

A (Test) 100 Yes SalmoFresh 
4mL / lb 3 6, 5, 9 108, 90, 162 

B (Test) 100 Yes SalmoFresh 
2mL / lb 3 14, 17, 20 252, 306, 360 

C (Control) 100 Yes Water         
4mL / lb 3 86, 71, 99 1548, 1278, 1782 

11.2 Tabular presentation of results 

Table 2 Reduction of Salmonella counts on tuna treated with ca. 1 x109 PFU/mL 
SalmoFresh  when applied at 4mL per lb and 2mL per lb. 

Group 
Challenged 

with 
Salmonella 

Treatment Replicates Mean CFU/g 
Percent 

reduction vs. 
water 

Significant? 

A (Test) Yes SalmoFresh 
4mL / lb 

n =3 120 92% Yes 

B (Test) Yes SalmoFresh 
2mL / lb 

n = 3 306 80% Yes 

C (Control) Yes Water        
4mL / lb 

n = 3 1536 -  
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11.3 Graphical presentation of results 

Chart constructed using raw data (mean with SEM) 
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Chart constructed using log-transformed data 

SF12G16ML2: transformed data
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11.4 Statistical analysis 

The efficacy of the SalmoFresh treatment in reducing the number of viable 
Salmonella in the experimentally contaminated raw tuna was evaluated by 
comparing the data obtained with the water-treated control samples and the 
SalmoFresh-treated samples. 

Statistical analysis was performed using version 3.05 of GraphPad InStat and 
version 4.0 of GraphPad Prism (GraphPad Software, San Diego, CA; 
www.graphpad.com) 

One-way Analysis of Variance (ANOVA) 

The P value is <0.0001, considered extremely significant.  Variation among column 
means is significantly greater than expected by chance. 

Comparison Mean 
Difference 

q P value  

SalmoFresh 4mL / lb vs 
SalmoFresh 2mL / lb 

-186.00 2.141 ns  P>0.05 

SalmoFresh 4mL / lb vs Water -1416.0 16.298 *** P<0.001 

SalmoFresh 2mL / lb vs Water -1230.0 14.158 *** P<0.001 

11.5 Brief discussion of results and study�s conclusions 

- Applying ca. 1x109 PFU/mL SalmoFresh at 4mL / lb tuna reduced the number of 
viable Salmonella by ca. 92% after 5 minutes of incubation at RT.  The observed 
reduction was statistically significant (P<0.001.) 

- Applying ca. 1x109 PFU/mL SalmoFresh at 2mL / lb tuna reduced the number of 
viable Salmonella by ca. 80% after 5 minutes of incubation at RT.  The observed 
reduction was statistically significant (P<0.001.) 

- The difference in Salmonella recovery between samples treated with SalmoFresh 
at 4mL / lb vs. SalmoFresh at 2mL / lb were not statistically significant. 

12 SUMMARY CONCLUSION OF THE STUDY 

- SalmoFresh ™ can significantly reduce viable Salmonella levels in experimentally 
contaminated raw tuna by ca. 80-92% in 5 minute contact time, when 1x109 PFU/mL 
SalmoFresh is used at 2mL / lb - 4mL / lb. 
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- Using a lower SalmoFresh ™ application rate (4mL / lb) vs. a higher SalmoFresh ™ 
application rate (2mL / lb) does not significantly affect the efficacy. 

13 SIGNATURES 

Manrong Li 

Research Scientist 

 

 

______ 

Alexander Sulakvelidze, Ph.D. 

Study Director 
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